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SECTION  I - GENERAL 


1.  SCOPE. 

This  appendix  provides  data  and  results  of  studies  essential  to 
the  development  of  possible  flood  control  plans  on  Wabash  River 
downstream  from  Vincennes,  Indiana  and  on  East  Fork  White  River  down- 
stream from  Columbus,  Indiana.  The  purpose  of  the  appendix  is  to  give 
complete  and  comprehensive  information  on  the  hydrologic  and  hydraulic 
details  of  reservoir  sites  on  Embarrass  River,  Clifty  Creek  and  Patoka 
River. 

2.  CLIMATOLOGY. 

Climate  in  the  portion  of  Wabash  Basin  considered  herein  is  gen- 
erally temperate,  with  a normal  annual  rainfall  of  about  42  inches. 
Average  annual  snowfall  for  this  area  is  about  15  inches.  Snow  does 
not  remain  on  the  ground  for  long  periods  and  rarely  contributes  to 
floods.  Normal  temperature  is  about  56  degrees.  Maximum  and  minimum 
recorded  temperatures  at  Vincennes,  Indiana,  which  is  considered  typi- 
cal of  the  area,  are  111  and  -19  degrees.  The  maximum  wind  velocity 
recorded  at  Indianapolis,  Indiana,  in  miles  per  hour  for  an  approxi- 
mate one  minute  duration  is  111. 

3.  STORMS. 

Of  the  various  types  of  meteorological  disturbances  which  produce 
storm  rainfall  in  the  Wabash  River  basin,  those  storms  having  a quasi- 
stationary front  oriented  from  west-southwest  to  east-northeast  across 
the  basin  hd'*e  produced  the  most  serious  floods  on  the  Wabash  River 
and  its  tributaries.  Storms  of  this  type  usually  oocur  from  late 
winter  to  early  spring  when  ground  conditions  are  conducive  to  high 
runoff.  Convective  storms,  which  are  productive  of  the  greatest  rein- 
fall intensities,  generally  occur  during  the  summer  season,  but  these 
storms  seldom  cause  major  flooding  since  their  aerial  extent  is  usually 
limited  and  they  happen  at  a time  when  the  ground  is  highly  absorptive. 


The  topography  of  the  basin  is  such  that  orographic  re  '“'■'all  does 
not  occur.  Although  storms  are  more  frequent  during  ..c  :o:  ins  of 
October  to  April,  records  show  that  they  may  occur  at  any  tame  dur- 
ing the  year.  A discussion  of  each  of  the  major  storms  of  record 
over  the  Wabash  River  basin,  which  occurred  prior  to  1944,  is 
contained  in  Appendix  I,  "Survey  Report  for  Flood  Control,  Wabash 
River  and  Tributaries,  Indiana  and  Illinois,"  dated  1944.  The  sur- 
vey report  entitled,  "Interim  Report  on  Wabash  River  and  Tributaries 
at  and  above  the  mouth  of  White  River,  Indiana,  for  Flood  Control 
and  Allied  Purposes,"  dated  1955>  gave  data  relative  to  the  storm 
of  January-February  1950.  The  survey  report  entitled,  "Interim 
Report-Review  of  Wabash  River  Basin  Exclusive  of  VJhite  Basin  Covering 
Reservoir  Sites  on  Wildcat,  Big  Pine  and  Sugar  Creek,  Indiana  for 
Flood  Control  and  Allied  Furposes,"  dated  March  1963  gave  data  rela- 
tive to  the  storms  of  January  - February  1959- 

4.  PROBABLE  MAXIMUM  PRECIPITATION. 

The  probable  maximum  storm  over  a particular  area  for  various 
seasons  of  the  year  represents  the  critical  depth-duration-area 
relations  that  would  result  if  precipitation  during  an  actual  storm 
in  the  region  were  increased  to  represent  the  most  critical  condi- 
tions that  are  considered  probable  of  occurrence.  The  spillway 
design  floods  for  the  Wabash  River  Basin  are  determined  by  the  use 
of  rainfall-excess  of  the  probable  maximum  storms.  Rainfall  amounts 
for  areas  up  to  1,000  square  miles  and  for  durations  of  6,  12,  24  and 
kd  hours  were  taken  fromHydrometeorological  Report  No.  33 > United 
States  V/eather  Bureau  and  Corps  of  Engineers.  Regarding  precipita- 
tion of  Lincoln  Reservoir,  a reduction  of  5 per  cent  was  made  from 

the  amounts  given  in  Report  33  because  the  irregularity  of  its  shape  i 

of  basin  was  not  considered  consistent  with  storm  isohyetals.  Prob- 
able maximum  precipitation  amounts  by  months  and  an  all-season  4 

envelope,  for  various  durations  and  for  three  reservoirs  are  shown 
i in  table  1. 

5.  MAJOR  FLOODS  OF  RECORD. 

In  Appendix  I,  "Survey  Report  for  Flood  Control,  Wabash  River  and 
Tributaries,"  dated  1944,  a discussion  is  presented  of  l4  great  floods 
in  the  Wabash  River  basin  which  occurred  before  1944.  The  interim 
reports  of  1955  and  1963  furnished  data  relative  to  the  January  - 
March  1950  and  January  - February  1959  floods,  which  were  the  most 
damaging  floods  in  the  Wabash  Basin  since  the  1944  survey  report. 

I 


PROBABLE  MAXIMUM  PRECIPITATION 


A 5 percent  reduction  was  applied  to  compensate  for  the  shape  of  the  drainage  basin  and  the 
direction  of  its  major  axis. 


SECTION  II  - LINCOLN  RESERVOIR 


6.  GENERAL. 

The  dam  of  Lincoln  Reservoir  is  located  103.0  miles  above  the 
mouth  of  the  Embarrass  River,  a tributary  of  the  Wabash  River,  and 
about  10  miles  south  of  Charleston,  Illinois.  Th^  drainage  of  the 
dam  site  is  915  square  miles  which  comprises  about,  2.8  percent  of 
the  Wabash  River  Basin.  The  reservoir  control  of  the  drainage  area 
above  the  damage  point  of  Mt.  Carmel,  Illinois,  is  increased  from 
10.5  percent  to  13*7  percent  by  the  addition  of  Lincoln  Reservoir 
over  that  of  the  total  of  Huntington  Reservoir  (advance  planning). 
Salamonie  Reservoir,  Mississineva  Reservoir  (each  under  construction), 
Mansfield  Reservoir,  Cagles  Mill  Reservoir,  and  Monroe  Reservoir 
(under  construction). 


7.  FLOW  AT  DAM  SITE. 

Discharge  data  determined  from  staff  and  recording  gages  located 
at  Ryans  Bridge,  between  1938  and  1942,  was  used  as  dam  site  flow. 

For  all  other  flood  periods,  flow  data  at  the  dam  site  was  deter- 
mined by  the  application  of  effective  rainfall  to  the  unit  hydrograph, 
however,  flows  less  than  3 >000  c.f.s.  were  determined  by  applying 
drainage  area  proportion  to  observed  Ste.  Marie  flows. 

8.  UNIT  HYDROGRAPH  OF  EMBARRASS  RIVER  NEAR  DIONA,  ILLINOIS. 

The  Embarrass  River  gaging  station  at  Ryans  Bridge  near  Diona, 
Illinois,  defines  the  regimen  of  natural  runoff  from  an  area  of  918 
square  miles  at  a point  100.8  miles  above  the  mouth  of  the  Embarrass 
River  and  2.2.  miles  downstream  of  the  proposed  dam.  In  December 
1938  a water  stage  recorder  and  staff  gage  were  installed  at  the 
bridge  from  which  a broken  record  of  slightly  more  than  four  and  one 
half  years  of  stage  data  were  obtained.  Of  the  storm  periods  studied, 
three  proved  to  possess  sufficient  similarity  to  .ndicate  that  their 
average  would  be  representative  of  basin  runoff  characteristics. 

Two  of  those  periods  studied  were  of  6-hour  unit  duration,  while  the 
other,  an  8_hour  unit  graph,  was  converted  to  6_hour  by  S_curve  ad- 
justment. Graphic  results  of  the  unit  hydrograph  investigation  are 
shown  on  plate  D-l.  Snyder's  empirical  coefficients,  based  on  the 
average  unit  hydrograph  near  Diona  are  as  follows: 

Factor  Symbol 

L (miles)  = 86.0,  Lca  (miles)  = 45.0,  (LLca)°*3  = 11. 9 

tR  (hours)  = 6,  tp  (hours)  = 21,  Time  of  peak  (hours)  = 24 
t 

c+  = 2 = 1.76 

(LW)  °'3 
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q (c.f .s./sq.mi. ) = 6. 48,  o (c.f.s.)  = 5950 

P Jr 


Cp  640  = 136,  Cp  = 0.212 

W50  (hours)  = 104,  W75  (hours)  «*  45 

T (hours)  = 270 

9.  UNIT  HYDROGRAPH  OF  EMBARRASS  RIVER  NEAR  CAMARGO,  ILLINOIS. 

The  Embarrass  River  gaging  station  near  Camargo,  Illinois  defines 
the  regimen  of  natural  runoff  from  an  area  of  185  square  miles  at  a 
point  161.4  miles  above  the  mouth  of  the  Embarrass  River  and  58.4  miles 
upstream  of  the  proposed  dam.  In  October  i960,  a water  stage  recorder 
was  installed  at  the  downstream  side  of  a bridge  on  U.  S.  Highway  36, 
2.0  miles  S.  W.  of  Camargo.  Approximately  three  years  of  stage  data 
were  obtained.  Of  the  storm  periods  studied,  two  proved  to  possess 
sufficient  similarity  to  indicate  that  their  average  would  be  represen- 
tative of  basin  runoff  characteristics.  Eoth  periods  were  of  6-hour 
duration,  with  graphic  results  of  the  unit  hydrograph  investigation 
shown  on  plate  D-2.  Snyder's  empirical  coefficients,  based  on  the 
average  unit  hydrograph  near  Camargo  are  as  follows : 

Factor  Symbol 

L (miles)  = 27.6,  Lca  (miles)  = 12.6,  (LLca)°‘3  = 5.79 

tp  (hours)  = 6,  tp  (hours)  = 24,  Time  of  peak  (hours)  = 27 


qp  (c.f .s./sq.mi. ) = 11.2,  Qp  (c.f.s.)  = 2,070 
Cp  = 0.420 

W cjq  (hours)  = 42,  W75  (hours)  = 24 
T (hours)  = 270 

10.  UNIT  HYDROGRAFH  AT  DAM  SITE. 

Due  to  the  close  proximity  of  the  dam  site  to  the  gaging  station 
at  Ryans  Bridge  on  the  Embarrass  River  near  Diona,  Illinois,  the 
determination  of  a unit  graph  at  the  proposed  site  was  accomplished 
through  the  application  of  drainage  area  ratio  915/918  to  the  unit 
graph  at  the  gaging  station.  Resultant  6_hour  unit  graph  of  Embarrass 
River  at  the  dam  site  is  presented  on  plate  D-3. 
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11.  TAILWATER  RATING  CURVES. 

The  tailwater  curve  at  mile  102.45  for  the  dam  of  Lincoln 
Reservoir  was  developed  hy  the  use  of  backwater  computations,  aug- 
mented by  slope-area  computations.  The  resulting  tailwater  curve 
was  partially  verified  by  relation  to  very  fragmentary  records  at 
Ryans  Bridge  gaging  station,  which  is  approximately  two  miles  down- 
stream of  the  tailwater  rating. 

12.  CHANNEL  CAPACITY. 

Eased  on  a study  of  the  103  miles  of  Embarrass  River  below  the 
dam  site,  it  is  estimated  that  a flow  as  high  as  3>000  cubic  feet 
per  second  can  be  carried  by  the  stream  between  miles  20  and  25 
without  sustaining  appreciable  damage  in  the  flood  plain.  Critical 
channel  capacity  downstream  from  the  dam  site,  however,  is  only  2,000 
cubic  feet  per  second. 

13.  AREA  AND  CAPACITY  OF  RESERVOIR. 

Area  and  capacity  determination  for  Lincoln  Reservoirs  is  based 
on  U.  S.  Geological  Survey  topography,  the  horizontal  scale  of  which 
is  162,500  with  a contour  interval  of  10  feet.  Volume  of  reservoir 
capacity  shown  in  table  2 was  computed  by  planimetered  horizontal 
areas.  Capacity  in  inches  runoff  from  the  drainage  area  is  based  on 
a reservoir  basin  area  of  915  square  miles. 


% 
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TABLE  2 

AREA  AND  CAPACITY 

LINCOLN  RESERVOIR,  EMBARRASS  RIVER,  ILLINOIS 
MILE  103 


Elev. 
(ft. 
ra.s.l. ) 

Area 

(acres) 

Storage 

Capacity 

Elev. 
(ft. 
m.s.l. ) 

Area 

(acres) 

Storage 

Capacity 

(acre- 

feet) 

(inches  on 
drainage 
area) 

( 

(acre- 

feet) 

'inches  on 

drainage 

area) 

54l 

0 

0 

0 

596 

6760 

126765 

2.60 

542 

2 

1 

0.00002 

598 

7250 

140775 

2.83 

544 

8 

11 

0.C002 

600 

7822 

155847 

3.19 

546 

22 

41 

0.0008 

602 

8330 

171999 

3-52 

548 

52 

115 

0.002 

604 

8870 

189199 

3-88 

550 

116 

283 

0.006 

606 

9470 

207539 

4.25 

552 

194 

593 

0.01 

608 

10050 

227059 

4.65 

554 

298 

1085 

0.02 

610 

10749 

247858 

5.08 

556 

424 

1807 

0.04 

612 

11521 

270128 

5.53 

558 

574 

2805 

0.06 

6l4 

12371 

294020 

6.C2 

560 

749 

4128 

0.08 

616 

13270 

319661 

6.55 

562 

977 

5854 

0.12 

61 8 

14200 

347131 

7-H 

564 

1187 

8018 

0.16 

620 

15183 

376514 

7.71 

566 

1437 

10642 

0.22 

622 

16240 

407937 

8.36 

568 

1703 

13782 

0.28 

624 

17480 

441657 

9.05 

570 

1983 

17468 

O.36 

626 

18800 

477937 

9-79 

572 

2290 

21741 

0.44 

628 

20350 

517087 

10.60 

574 

2620 

26651 

O.55 

630 

22150 

559587 

11.47 

576 

2950 

32221 

0.66 

632 

24230 

605967 

12.42 

578 

3300 

38471 

0.79 

634 

27235 

657432 

13.47 

580 

3632 

45403 

0.93 

636 

31500 

716167 

14.67 

582 

3985 

53020 

1.09 

638 

38000 

785667 

16.10 

584 

4310 

61315 

1.26 

640 

50571 

674238 

17.91 

586 

4660 

70285 

1.44 

642 

65000 

989809 

20.28 

588 

5020 

79965 

1.64 

644 

79500 

1134309 

23.24 

590 

5400 

90385 

1.85 

646 

94300 

1308109 

26.60 

592 

5830 

101615 

2.08 

640 

108900 

1511309 

30.97 

594 

6260 

113725 

2.33 

650 

123C67 

1743276 

35.72 
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l4.  MINIMUM  POOL. 


In  order  to  meet  the  requirements  of  recreation,  fish  and  wild- 
life,  and  siltation,  minimum  pool  is  established  at  elevation  582.4, 
a level  that  provides  an  area  of  4,050  acres  and  a volume  of  55 , 020 
acre-feet,  which  is  equivalent  to  1.13  inches  runoff  from  the  drain- 
age area.  Sedimentation  records  indicate  a loss  of  about  494  acre- 
feet  of  storage  annually,  which,  when  accumulated  over  a period  of 
approximately  111  years,  would  fill  the  reservoir  pool  to  elevation 
582.4.  The  annual  loss  represents  about  0.9  percent  of  the  minimum 
pool  storage. 

15-  WATER  SUPPLY  AND  WATER  QUALITY  STORAGE. 

In  order  to  provide  firm  flows  of  10  c.f.s.  for  water  supply  and 
15  c.f.s.  for  water  quality,  a storage  of  5,300  acre-feet  between 
pool  elevation  582.7  and  conservation  pool  elevation  584.0 
would  be  reserved  for  these  purposes  during  extremely  low  periods  of 
natural  flow.  The  critical  low  flow  period  for  which  5,300  acre-feet 
: s necessary  in  order  to  produce  these  regulated  flows  is  that  of 
1953-1954.  In  addition,  the  storage  between  elevation  582.7  and  582.4 
would  be  reserved  for  the  replacement  of  Charleston  water  supply  reser- 
voir storage  estimated  at  1,000  acre-x'eet. 

16.  RESERVOIR  STORAGE  FOR  FLOOD  CONTROL. 

The  maximum  flood  control  pool  was  established  at  elevation  629. 0 
with  a total  storage  of  538,315  acre-feet,  equal  to  11.03  inches  run- 
off. The  flood  control  storage  below  pool  elevation  629-0  and  above 
top  of  conservation  pool  (elevation  584.0)  is  477,000  acre-feet,  which 
is  equivalent  to  a runoff  of  9-77  inches. 

1', . RESERVOIR  REGULATION  PLAN. 

The  regulation  table  which  gives  allowable  releases  to  meet  flood 
control  requirements  downstream  from  Lincoln  Reservoir  is  based  on 
critical  channel  capacity  of  3,000  cubic  feet  per  second  at  mile  20  - 
25  on  the  embarrass  River.  Flow  from  the  uncontrolled  drainage  area 
upstream  from  the  critical  damage  point  was  determined  by  drainage 
area  proportion  of  its  area  to  that  of  the  area  of  the  Oblong  gage. 

The  allowable  reservoir  releases  indicated  in  the  regulation  table  are 
the  difference  between  critical  channel  capacity  and  the  flow  from  the 
uncontrolled  area.  The  reservoir  regulation  table  which  is  based  on 
natural  flows  at  Oblong  and  which  is  a part  of  table  3 was  developed 
for  use  of  the  study  only.  In  addition,  reservoir  regulation  is  based 
on  river  conditions  at  damage  centers  at  Mt.  Carmel,  Illinois,  and 
Evansville,  Indiana.  Controlling  stages  at  U.  S.  Weather  Bureau  gage 
at  Mt.  Carmel  are  l4  feet  on  a rising  river  and  20  feet  on  a falling 
river.  Controlling  stages  at  U.  S.  Weather  Bureau  gage  at  Evansville- 
are  35  feet  on  a rising  river  and  4,3  feet  on  a falling  river.  The 
controlling  stages  are  based  on  the  beginning  of  damage  for  reaches  c-’ 
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the  river  represented  by  the  gages  with  due  allowance  for  time  of 
travel  from  Lincoln  Reservoir  to  these  damage  points.  Table  3> 
"Schedule  of  Regulation,  Lincoln  Reservoir,"  gives  the  details  of 
procedure  for  regulation  of  the  reservoir  for  flood  control. 

18.  UTILIZATION  OF  FLOOD  CONTROL  STORAGE. 

Regulation  of  the  reservoir  so  as  to  store  excess  runoff  of 
fourteen  flood  periods  extending  from  1927  to  1955,  indicated  that 
the  highest  reservoir  pool  attained  was  elevation  632. 0 which 
occurred  during  the  1950  flood  period.  This  reservoir  pool  eleva- 
tion represents  utilization  of  all  of  the  flood  control  storage  plus 
68,120  acre-feet  of  storage  above  the  spillway  crest.  Table  4 shows 
results  of  the  reservoir  regulation  studies. 
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Includes  Spillway  surcharge  storage 


19-  SEASONAL  LOW  FLOW  REGULATION  PUN. 

Seasonal  low  flow  regulation  is  predicated  on  reducing  the  allo- 
cated flood  control  storage  during  the  simmer  months  and,  thereby, 
raise  the  water  surface  in  the  interest  of  general  recreation  and 
make  available  storage  for  increasing  the  natural  flow  between  1 April 
and  30  November.  The  method  is  as  follows : Starting  1 April  with 

pool  at  conservation  level  the  water  surface  in  the  reservoir  would 
be  raised  as  rapidly  as  inflows  will  permit  so  as  to  attain  the 
seasonal  pool  elevation  by  1 May.  The  seasonal  pool  elevation  is  set 
at  such  a level  that  it  will  be  attained  three-fourths  or  more  cf  the 
years.  With  pool  elevations  at  or  near  seasonal  level,  storage  can 
be  released  when  necessary  to  satisfy  minimum  flow  objectives  down- 
stream. Seasonal  pool  level  for  Lincoln  Reservoir  was  set  at  elevation 
596  which  provides  65,^50  acre-feet  or  1.3^  inches  runoff  of  storage 
above  the  top  of  conservation  pool  (elevation  58^.0).  Beginning 
1 September  and  ending  30  November  the  pool  would  be  depleted  while 
meeting  low  flow  and  flood  control  requirements  so  as  to  be  down  to 
conservation  pool  at  the  end  of  November.  The  water  surface  increases 
from  an  area  of  b, 310  acres  at  conservation  pool  level  to  6, 760  acres 
at  seasonal  pool  level. 

20.  STANDARD  PROJECT  STORM. 

The  Standard  Project  Storm,  determined  by  the  method  outlined 
in  Civil  Engineer  Bulletin  No.  52-8,  Corps  of  Engineers,  dated 
March  26,  1952,  has  a volume  which  is  equivalent  to  13*01  inches 
rainfall  and  11.11  inches  runoff  and  is  shown  by  6-hour  rainfall 
amounts  in  table  5*  The  Standard  Project  Storm  Isohyetal  Pattern  was 
superimposed  over  the  Lincoln  Reservoir  drainage  basin  to  obtain  maxi- 
mum rainfall,  as  shown  on  plate  D-5.  To  obtain  the  rainfall-excess 
amounts,  the  storm  was  modified  by  an  initial  loss  of  O.kO  inch  and 
an  infiltration  rate  of  0.025  inch  per  hour.  The  infiltration  and 
rainfall-excess  amounts  are  also  shown  on  table  5* 

21.  STANDARD  PROJECT  FLOOD. 

The  Standard  Project  Storm  rainfall-excess  was  applied  to  the 
Lincoln  natural  unit  hydrograph  on  plate  D-3,  and  an  assumed  base  flow 
of  1,000  cubic  feet  per  second  was  added.  The  resulting  hydrograph 
was  routed  through  the  reservoir  in  accordance  with  the  schedule  of 
regulation  presented  in  table  3>  assuming  the  reservoir  at  conserva- 
tion pool  elevation  5ob  and  the  downstream  control  stations  all  above 
flood  stage  at  the  start  of  the  Standard  Project  Storm.  Outflow  was 
regulated  to  maintain  500  cubic  feet  per  second  discharge  and  the 
remainder  of  the  inflow  was  stored  until  spillway  crest  was  readied 
and  then  the  conduit  was  opened  further  until  a discharge  of  2,000 
cubic  feet  per  second  was  released  through  a combination  of  cor/ jit 
and  spillway.  The  reservoir  pool  crested  at  e?evation  631.62,  v'nid 
is  2.82  feet  above  spillway  crest.  The  maximum  inflow  of  62,800  cut  in 
feet  per  second  was  reduced  to  2,000  cubic  feet  per  second.  Inflow, 
outflow,  and  pool  elevation  hydrographs  are  shown  on  plate  D-6. 
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TABLE  5 

STANDARD  PROJECT  STORM 
RAINFALL  AND  RAINFALL-EXCESS 
ABOVE 

LINCOLN  DA-SITE 


Time 

in 

Hours 

6 -Hour 
Rainfall 
(inches) 

Infiltration 

Loss 

(inches) 

Rainfall 

Excess 

(inches) 

0-6 

0.02 

0.02 

0 

6-12 

0.06 

0.06 

0 

12-18 

0.30 

0.30 

0 

18-24 

0.04 

0.04 

0 

24-30 

0.11 

0.11 

0 

30-36 

0.27 

0.15 

0.12 

36-42 

1.33 

0.15 

1.18 

42-48 

0.17 

0.15 

0.02 

48-54 

0.58 

0.15 

0.43 

54-60 

1.45 

0.15 

1.30 

60-66 

7.18 

0.15 

7.03 

66-72 

0.90 

0.15 

0.75 

72-78 

0.03 

0.03 

0 

78-84 

0.09 

0.09 

0 

84-90 

0.43 

0.15 

0.28 

90-96 

0.05 

0.05 

0 

TOTAL 

13.01 

1.90 

11.11 
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22.  OUTLET  WORKS. 


The  outlet  works  consist  of  regulating  discharge  structures  and 
a stilling  basin.  It  is  desirable  to  select  a size  of  conduit  such 
that  a discharge  of  critical  bankfull  (2,000  c.f.s.)  will  obtain  at 
or  near  minimum  reservoir  pool  stage.  A 10-foot  diameter  circular 
conduit,  which  is  estimated  to  have  a discharge  of  about  2,720  cubic 
feet  per  second  at  pool  elevation  534.0  and  3>980  cubic  feet  per 
second  at  pool  elevation  629  was  adopted.  The  conduit  is  located 
near  the  left  abutment  of  the  dam.  Three  rectangular  gates,  each 
4.0  feet  wide  by  8.0  feet  high,  are  provided  to  regulate  flow  in  the 
conduit.  The  invert  of  the  conduit  at  exit  is  at  elevation  538.0. 
The  conduit  of  73*54  square  feet  cross-sectional  area  has  a longi- 
tudinal slope  of  0.22  percent.  Plate  D-7  gives  the  discharge  rating 
of  the  10-foot  conduit.  The  stilling  basin  and  parabolic  vertical 
transition  from  the  downstream  end  of  conduit  are  designed  on  the 
basis  of  a reservoir  outflow  of  2, COO  cubic  feet  per  second.  Pool 
elevation  629.0  was  adopted  as  the  critical  stage  for  stilling  basin 
design  because  the  partial  gate  openings  required  to  release  2,000 
c.f.s.  creates  the  highest  velocity  of  flow  thwt  can  be  expected  for 
this  release.  The  discharge  of  2,000  cubic  feet  per  second  at  pool 
elevation  629.0  is  accomplished  by  opening  two  gates  about  4 feet 
each.  With  discharge  control  at  the  gates,  flow  gradient  estimates 
made  downstream  from  the  gate  indicated  that  the  conduit  would  have 
water  flowing  at  a depth  of  about  6 feet  and  an  average  velocity  of 
40.65  feet  per  second  at  the  exit.  The  parabolic  floor  curve  of  the 
vertical  transition  from  exit  of  conduit  to  the  stilling  basin  was 
determined  as  indicated  in  paragraph  2-23C,  Engineering  Manual, 
"Hydraulic  Design,  Reservoir  Outlet  Structures,"  as  is  defined  by 
equation 


y = -(0.002150  x + 0.006353  x2), 

where  x and  y are  horizontal  and  vertical  coordinates  measured  from 
the  beginning  of  curve  in  feet.  Details  of  stilling  basin  are  shown 
on  plates  D-8  and  D-9.  The  tail..ater  level  corresponding  to  a flov;  of 
2,000  cubic  feet  per  second  is  estimated  to  be  at  elevation  545.05- 
The  jump-height,  to  satisfy  the  momentum  equation,  based  on  a width 
of  about  25  feet  and  a floor  elevation  533*75  is  computed  at  eleva- 
tion 545.05.  Assurance  that  the  hydraulic- jump  will  occur  in  the 
basin  is  afforded  by  a jump-height  computation  made  upstream  of  the 
end  sill,  for  the  conditions  of  stilling  basin  design  and  a reduction 
in  D2  of  10  percent  for  head  losses  resulting  from  floor,  walls, 
baffle  piers  and  end  sill,  which  indicated  that  the  jump-height  would 
meet  the  tailwater  height.  The  length  of  the  stilling  basin  was  es- 
tablished at  47.5  feet  which  is  about  4.2  times  the  design  jump-height 
(ll.3  feet).  The  retreat  channel  which  connects  the  stilling  basin 
with  the  natural  stream  is  about  1,100  feet  in  length.  The  bottom  of 
the  channel  is  35  feet  in  width  and  side  slopes  are  1 on  2.  The  re- 
treat channel  bottom  ..ouldhave  a longitudinal  olope  of  about  0.1 
percent  from  the  top  of  end  sill  where  its  elevation  is  535-75  to  the 
confluence  with  the  natural  stream  at  mile  102.5  where  its  elevation 
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is  535  feet.  The  maximum  velocity  in  the  channel  for  flows  up  to 
2,000  cubic  feet  per  second  is  estimated  at  less  than  6.2  feet  per 
second.  Since  the  retreat  channel  is  excavated  in  earth,  riprap 
v/ill  be  placed  for  100  feet  downstream  from  the  end  sill  of  the 
stilling  basin  in  order  to  prevent  erosion  of  the  channel. 

23.  SPILLWAY. 

A channel  spillway  is  planned  with  the  cut  all  in  earth  since 
no  rock  is  available.  The  width  of  channel  decided  upon  is  100  feet 
at  the  base,  with  side  slopes  of  3 horizontal  and  1 vertical.  The 
cut  is  about  2,000  feet  long  and  has  a level  base  at  elevation  629, 
the  top  of  the  flood  control  pool.  A continuous  section  of  concrete 
pavement  about  100  feet  wide  with  steel  sheet  piling  cutoff  at  each 
side  may  be  placed  in  the  spillway  if  excessiv..  velocity  of  flow 
develops  into  a deterioration  of  channel  bottom. 

A discharge  rating  was  developed  for  a spillway  width  of  100  feet 
with  certerline  as  shown  on  plate  3 report.  For  purpose  of  this  report/ 
the  bottom  was  considered  flat  the  full  length.  It  was  assumed  that 
the  control  section  would  be  at  the  downstream  end  of  the  spillway. 
Critical  discharges  were  computed  for  various  depths  of  flow  at  the 
control  section,  and  flow-lines  were  computed  to  the  reservoir  pool. 

A rating  curve  of  reservoir  pool  versus  spillway  discharge  was  then 
drawn.  Discharge  at  the  control  section  was  computed  by  the  critical 
flow  formula, 

Q-A  /^;1/2 
i T ! 


where : 


A = area  in  square  feet 

g = acceleration  of  gravity  in  feet  per  second 
per  second 

T = top  width  of  section  in  feet 
Q = discharge  in  cubic  feet  per  second 


The  following  losses  were  estimated  between  the  control  section  and 
reservoir  pool. 

(a)  At  entrance  to  spillway  the  loss  was  assumed  to  be  one- 
tenth  of  the  velocity  head. 

(b)  Friction  losses  were  estimated  by  use  of  Manning's 
formula,  assuming  a coefficient  of  roughness  of  0.025  for  earth. 

It  is  planned  that  the  spillway  surfaces  will  be  well  maintained. 

The  discharge  rating  curve  for  the  100-foot  spillway,  and  other 
spillway  characteristics  are  shown  on  plate  D-10. 
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24.  SELECTION  OF  PROBABLE  MAXIMUM  STORM, 


; 


The  basis  of  seasonal  variations  of  the  probable  maximum  rain- 
fall are  shown  in  paragraph  4-  and  depth  values  are  given  in  table  1. 
The  seasonal  storm  for  spillway  design  is  that  storm  runoff  which 
when  routed  through  the  spillway  will  produce  the  maximum  reservoir 
pool  stage  when  the  reservoir  pool  elevation  at  the  beginning  of 
the  spillway  design  flood  is  the  maximum  pool  for  the  same  season 
obtained  from  routings  made  according  to  the  Reservoir  Regulation 
Plan.  Routings  made  since  1927  indicate  that  the  1949-1950  flood 
would  produce  the  highest  pool  stages  in  Lincoln  Reservoir  between 
March  and  July.  Data  shown  below  indicates  the  maximum  starting 
pool  elevations  by  months  and  the  corresponding  probable  maximum 
rainfalls . 


Maximum  reservoir 


Month 

pool  elevation 
at  start  of 
spillway  flood 
(ft.  m.s.l.) 

Probable 
maximum 
precipitation 
( inches ) 

March 

632.0 

12.3 

April 

631.3 

14.6 

May 

629.0 

17.2 

June 

624.9 

20.3 

July 

623.4 

21.4 

On  the  basis  of  preliminary  routings  for  Lincoln  Reservoir  it 
was  determined  that  the  most  critical  combination  of  starting  pool 
storm  runoff  would  occur  in  May. 

Paragraphs  25  through  32  give  the  results  of  spillway  flood 
determinations  and  the  spillway  routings. 

25.  RUNOFF  OF  PROBABLE  MAXIMUM  STORM 

Based  on  studies  of  infiltration  during  late  spring  and  summer, 
a minimum  rate  of  0.05  inch  per  hour  was  selected.  Initial  loss  was 
assumed  to  be  0.5  inch.  Six-hour  ordinates  of  the  May  envelope  of 
the  probable  maximum  storm  were  arranged  in  the  sequence  which  would 
produce  maximum  peak  discharge  in  the  design  flood  hydrograph.  Table  6 
shows  the  distribution  of  rainfall,  infiltration  and  rainfall-excess 
by  six-hour  periods. 
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TABLE  6 

PROBABLE  MAXIMUM  MAY  DISTRIBUTION  FOR 
SPILLWAY  DESIGN  FLOOD  LINCOLN  RESERVOIR 


Time 

in 

hours 

6 -hour 
rainfall 
(inches) 

Infiltration 

loss 

(inches) 

Rainfall 
excess 
( inches ) 

0-6 

0.73 

0.59* 

0.l4 

6-12 

0.87 

0.30 

0.57 

12-18 

1.19 

O.30 

0.39 

18-24 

2.01 

0.30 

1.71 

24-30 

9.98 

0.30 

9.68 

30-36 

0.94 

0.30 

0.64 

36-42 

0.70 

0.30 

0.40 

42-48 

0.79 

0.30 

0.49 

TOTAL 

17.21 

2.69 

14.52 

* 0.50  + .?J3z^2  x 6x.05  = 0.59 
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26.  INFLOW  UNIT  HYDROGRAPHS 


The  inflow  unit  hydrographs  developed  for  spillway  design  we re 
based  on  an  average  pool  level  above  elevation  635 , which  is  be- 
lieved to  provide  sequence  of  inflow  likely  to  occur  during  the 
spillway  floods.  The  reservoir  drainage  area  was  subdivided  into 
the  following  areas : 

(1)  The  area  above  the  head  of  reservoir,  69O.O  square 

miles; 

(2)  Five  areas  adjacent  to  the  reservoir  surface  totaling 
l80.21  square  miles; 

(3)  Reservoir  surface  area  44.79  square  miles. 

Regimen  of  flood  runoff  is  defined  by  inflow  unit  hydro- 
graphs developed  for  runoff  originating  above  head  of  the  reservoir 
pool  and  for  runoff  contributing  to  the  pool  from  individual  areas 
along  its  periphery. 

27.  UNIT  HYDRCGRAPH  FOR  BASIN  ABOVE  HEAD  OF  RESERVOIR. 

The  area  above  the  head  of  reservoir,  which  is  690  square  miles, 
is  designated  as  1-A.  Area  1-A  unit  hydrograph  was  developed  by  the 
use  of  Snyder's  method.  Snyder  coefficients,  other  than  those  meas- 
ured for  L and  Lca  were  derived  through  the  correlation  of  data  from 
other  unit  hydro gtphs  of  adjacent  areas  of  Diona  and  Camargo,  Illinois, 
which  are  shown  on  plates  1 and  2,  respectively,  and  have  similar 
runoff  characteristics.  The  coefficients  Ct  and  Cp,  thus  derived, 
together  with  the  coefficients  (LLc-)®*3,  which  were  used  in  the 
evaluation  of  other  coefficients  such  as  "lag"  time,  hydrograph  widths 
(hours)  at  50  and  75  percent  of  peak  discharge  are  shown  in  table  7« 
Through  use  of  the  above  mentioned  coefficients,  the  basic  unit  hydro- 
graph was  developed  by  adopting  the  pattern  most  consistent  with  a 
corresponding  S-curve  hydrograph,  as  shown  in  table  7.  Since  storms 
of  a magnitude  approaching  the  probable  maximum  produce  peak  discharge  - 
of  the  unit  hydrograph  that  are  consistently  higher  than  thos  computed 
from  records  of  minor  floods,  the  peak  of  hydrograph  L-A  was  increased 
arbitrarily  by  25  and  50  percent.  Thus  hydrographs  1_B  and  1_C  each 
having  the  same  volume  as  hydrograph  1-A  but  of  different  degrees  of 
concentration  for  the  total  area  at  the  head  of  Lincoln  Reservoi", 
were  developed.  Pertinent  unit  hydrograph  data  relative  to  the  cub- 
area  1,  including  3-hour  instantaneous  values  of  unit  and  S-curvc 
hydrographs  are  shown  in  table  7- 
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28.  UNIT  HYDRCGRAIHS  FOR  AREAS  ADJACEHT  TO  RESERVOIR  SURFACE 


Area  2 was  divided  into  five  sub-areas  aggregating  to  180.21 
square  miles,  the  smallest  of  which  is  6.00  square  miles  and  the 
largest  111.66  square  miles.  Unit  hydrographs  for  these  areas,  lying 
along  the  periphery  of  the  reservoir  pool,  were  developed  by  synthetic 
methods,  due  to  the  absence  of  observed  flow  records  for  each  of  the 
respective  streams.  Unit  hydrograph  values  thus  derived  were  for  peak 
discharge,  time  of  peal:,  the  discharge  at  twice  the  time  of  peak  and 
base  time.  These  values  were  related  to  slope  of  the  valley  and  size 
of  the  drainage  area  for  the  condition  of  uniform  distribution  of 
rainfall.  Ordinates  of  the  three  one-hour  unit  graphs  were  combined 
into  a single  one-hour  unit  graph  and  this  converted  into  a unit  hydro- 
graph  of  6-hour  duration  of  rainfall-excess.  The  resultant  hydrograph, 
was  then  combined  with  two  6-hour  unit  hydrographs  developed  by  Snyder's 
method  for  the  remaining  areas.  The  resultant  6-hour  unit  hydrograph, 
designated  2,  having  a peak  flow  of  3 j 55 0 cubic  feet  per  second  or  197 
cubic  feet  per  second  per  square  mile  of  drainage  areas  is  shotm  in 
table  3. 


TABLE  8 

TOTAL  UNIT  HYDROGRAPH 
FOR  AREAS  ADJACENT  RESERVOIR  POOL 


LINCOLN  RESERVOIR 


Time 

Time 

in 

Discharge 

in 

Discharge 

hours 

(c.f .s. ) 

hours 

(c.f .s. ) 

0 

0 

120 

150 

3 

2057 

123 

142 

6 

35^9 

126 

132 

9 

2339 

129 

123 

12 

1850 

132 

115 

15 

1982 

135 

108 

18 

2060 

13S 

101 

21 

2094 

l4l 

96 

24 

2032 

144 

90 

27 

1889 

147 

84 

30 

1693 

150 

77 

33 

1483 

153 

71 

36 

1282 

156 

65 

39 

1 130 

159 

61 

42 

1014 

162 

56 

45 

924 

165 

52 

48 

835 

168 

49 

51 

763 

171 

45 

54 

701 

174 

4o 

57 

648 

177 

36 

60 

600 

180 

33 

63 

558 

I83 

30 

66 

512 

186 

28 

69 

480 

189 

25 

72 

446 

192 

21 

75 

4l4 

195 

18 

7S 

382 

198 

15 

81 

359 

201 

13 

84 

332 

204 

12 

87 

310 

207 

11 

90 

289 

210 

.10 

93 

271 

213 

8 

96 

253 

216 

7 

99 

238 

219 

6 

102 

221 

0 22 

5 

105 

209 

225 

4 

108 

195 

228 

3 

111 

163 

231 

2 

114 

169 

234 

1 

117 

159 

237 

0 

29.  RUNOFF  FOR  RESERVOIR  FOOL  AREA. 


Since  the  rate  of  runoff  for  the  surface  of  the  reservoir  pool 
is  equal  to  the  rate  of  rainfall,  one  inch  of  rainfall  in  six  hours 
over  44.8  square  miles  of  pool  area  represents  a uniform  discharge 
of  4819  c.f.s.  from  area  3.  Accordingly,  for  a rainfall  of  1-inch 
in  6 hours  the  following  runoff  results : 


Time 

in 

Discharge 

hours 

(c.f.s. ) 

0-3 

4819 

3-6 

4819 

30.  SPILLWAY  FLOODS. 

Since  the  volume  and  time  and  degree  of  concentration  of  runoff 
into  the  reservoir  cannot  be  ascertained  with  a high  order  of  ac- 
curacy, it  is  desirable  to  estimate  the  extent  of  variations  in  maxi- 
mum reservoir  levels  that  would  obtain  from  varied  basic  assumptions 
regarding  runoff.  By  application  of  the  "rainfall-excess"  of  table  6 
to  unit  hydrographs  1-A  and  2,  plus  the  application  of  "rainfall" 
from  the  same  table  to  unit  graph  3>  the  basic  provisional  spillway 
flood,  designated  hydrograph  A,  was  developed.  Hydrographs  of  design 
storms  that  reflect  greater  concentrations  of  runoff  than  that  indi- 
cated for  the  provisional  spillway  flood  were  developed  through 
application  of  unit  graphs  l-B  and  1-C,  respectively,  to  increments 
of  rainfall-excess  covering  the  12-hour  period  of  greatest  intensity 
and  substituted  in  proper  time  relation  for  the  corresponding  runoff 
computed  by  use  of  unit  graph  l-A.  Hydrographs  A,  B,  and  C shown  in 
table  9 were  developed  by  procedures  outlined  above.  Comparative 
data,  showing  maximum  reservoir  inflow  109,400  c.f.s.  for  the  basic 
i provisional  spillway  flood,  peak  flow  for  greater  concentration  of 

' runoff,  and  other  characteristics,  are  presented  in  table  10. 
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TABLE  9 

HYPOTHETICAL  HYDROGRAPHS  OF  RUNOFF  FROM  SPILLWAY 
DESIGN  STORM 

LINCOLN  RESERVOIR,  EMBARRASS  RIVER,  ILLINOIS 


Time 

Inflow  hydrograph 

Time 

Inflow  hydrograph 

in 

3-hr. 

average 

values 

in 

3-hr. 

average 

values 

hours 

(c.f .s. 

) 

hours 

(c.f .s. 

) 

A* 

B** 

C 

A* 

B** 

C 

0-3 

1000 

1000 

1C00 

114-117 

40243 

36927 

29650 

3-6 

4657 

4657 

4657 

117-120 

37884 

34519 

27377 

6-9 

5056 

5058 

5058 

120-122 

35744 

32141 

25357 

9-12 

64l6 

64l6 

6416 

123-126 

33569 

29912 

23425 

12-15 

8052 

8052 

8052 

126-129 

31551 

27859 

21739 

15-18 

11076 

11076 

11076 

129-132 

29555 

25857 

20268 

18-21 

13792 

13792 

13792 

132-135 

27746 

24099 

18780 

21-24 

20768 

20959 

20961 

135-138 

26017 

22522 

17592 

24-27 

26316 

26947 

27988 

136-141 

24314 

21014 

16464 

27-30 

76910 

78979 

81478 

l4l-l44 

22765 

19581 

15465 

30-33 

105708 

111215 

120308 

144-147 

21332 

18279 

14506 

33-36 

'72886 

80863 

96737 

147-150 

20046 

17102 

13651 

36-39 

76865 

90443 

111985 

150-153 

18804 

15954 

12823 

39-42 

85977 

102199 

126261 

153-156 

17636 

14349 

12028 

42-45 

97175 

114522 

136144 

156-159 

16661 

13868 

11256 

45-48 

104759 

121698 

138673 

159-162 

15783 

13004 

105 ? 3 

48-51 

108204 

124325 

137703 

162-165 

14876 

12134 

9950 

51-54 

104471 

116408 

128983 

165-166 

l4ll8 

11361 

9328 

54-57 

102136 

113715 

120829 

166-171 

13320 

10612 

8808 

57-60 

99020 

107635 

111228 

171-174 

12561 

9944 

8241 

6O-63 

95403 

101263 

102052 

174-177 

11889 

9238 

7739 

63-66 

91098 

94664 

93370 

177-180 

11228 

8706 

7246 

66-69 

66351 

80113 

87757 

180.183 

10590 

8167 

6769 

69-72 

81716 

82392 

82571 

183-186 

10041 

7661 

6330 

72-75 

77758 

77600 

78417 

186-189 

9531 

7172 

593,' 

75-78 

73823 

73375 

74559 

189-192 

8946 

6786 

55:4 

78-81 

70363 

69614 

70371 

192-195 

8481 

6408 

5160 

61-04 

67007 

66248 

67154 

195-198 

8011 

6042 

48o: 

64-87 

64098 

63216 

63489 

198-201 

7524 

5675 

4468 

67-90 

61349 

60376 

59727 

201-204 

7066 

5323 

4165 

90-93 

58904 

57815 

56040 

204-207 

6673 

5016 

3880 

93-96 

56501 

55185 

52107 

207-210 

6319 

4719 

35^-- 

96-99 

54360 

52535 

40315 

210-215 

5992 

4450 

33-  '3 

99-102 

52035 

49967 

44561 

213-216 

5671 

4lC3 

j_20 

102-105 

49321 

47278 

41068 

216-219 

5358 

3938 

pci  *? 

105-108 

47282 

44711 

37841 

3^957 

219-222 

5103 

3719 

2l  "4 

108-111 

45001 

42061 

222-225 

4833 

3515 

2495 

111-114 

42467 

39418 

32152 

225-228 

4602 

3332 

2320 
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TABLE  9 (Cont'd) 


Time 

Inflow  hydrograph 

Time 

Inflow  hydrograph 

in 

3-hr. 

average 

values 

in 

3-hr. 

average 

values 

hours 

(c.f .s. 

hours 

(c.f ,s. 

■) 

A* 

B** 

C 

A* 

B** 

C 

228-231 

4363 

3147 

2173 

276-279' 

1765 

1171 

1171 

231-234 

4145 

2975 

2058 

279-282 

1642 

1149 

1149 

234-237 

3942 

2801 

1939 

282-285 

1513 

1125 

1125 

237-240 

3763 

2634 

1629 

285-288 

l4o8 

1106 

1106 

240-243 

3606 

2456 

1704 

288-291 

1327 

1082 

1082 

243-246 

3433 

2292 

1605 

291-294 

1256 

1068 

1068 

246-249 

3279 

2130 

1538 

294-297 

1182 

1056 

1056 

249-252 

3118 

1974 

1491 

297-300 

1122 

1045 

1045 

252-255 

2948 

1823 

1445 

3C0-303 

1035 

1035 

1035 

255-258 

2792 

1704 

1402 

303-306 

1026 

1026 

1026 

258-261 

2636 

1600 

1355 

3C6-309 

1016 

1016 

1016 

261-264 

2490 

1511 

1323 

309-312 

1012 

1012 

1012 

264.267 

2358 

1412 

1281 

312-315 

1006 

1006 

1006 

267-270 

2214 

1328 

1251 

315-318 

1004 

1004 

1004 

270-273 

2044 

1253 

1224 

318-321 

1000 

1000 

1000 

273-276 

1905 

1197 

1197 

* Basic  provisional  spillway  flood  runoff 
**  Adopted  as  spillway  design  flood 
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31.  RESULTS  OP  ROUTING  SPILLWAY  FLOODS. 

Assuming  the  reservoir  water  surface  at  initial  pool  elevation 
629.0  (spillway  crest),  spillway  floods  A,  1.25A,  1.5A,  B and  C 
were  routed  through  the  combined  works  of  conduit  and  spillway.  All 
inflow  less  than  3,9'SO  c.f.s.  was  released  through  the  conduit  by 
gate  regulation.  When  inflow  exceeds  3..980  c.f.s.  which  is  the 
conduit's  discharge  capacity  at  pool  elevation  629.0  with  gates  wide 
open,  the  remainder  of  the  flood  is  routed  on  an  uncontrolled  basis 
to  a peak  reservoir  stage.  Discharge  rating  curves  for  conduit  and 
spillway  are  shown  on  plates  D-7  and  D-10  respectively.  Plate  D-ll 
shows  reservoir  ele vat ion-inf low-outflow  curves,  resulting  from  flow 
routings  in  terms  of  basic  provisional  spillway  flood  volume  or  peak 
(hydrograph  A).  Points  on  curve  P were  computed  by  routing  hypotheti- 
cal hydrographs  representing  the  same  volume  as  the  basic  provisional 
spillway  flood,  but  with  higher  peak  rates  and  greater  concentration 
of  runoff.  The  quantitative  effect  of  possible  errors  in  estimating 
the  critical  regimen  of  runoff  from  the  probable  maximum  storm  are 
determined  from  curve  P.  In  contrast,  curve  V was  computed  by  rout- 
ing hypothetical  hydrographs  representing  a direct  percentage  increase 
in  all  ordinates  of  the  basic  provisional  spij.lv/ay  flood  hydrograph. 
The  percentage  increase  in  hydrograph  ordinates  is  equivalent  to  an 
increase  in  volume  of  the  design-storm  rainfall-excess  quantities 
without  change  in  the  assumed  regimen  of  runoff  as  reflected  by  the 
unit  hydrograph  used  in  developing  the  basic  provisional  spillway 
flood  estimate.  A comparison  of  the  slopes  of  curves  P and  V then 
becomes  an  index  to  the  relative  effects  of  possible  errors  in  esti- 
mating the  critical  volume  and  regimen  of  runoff. 

32.  SPILLWAY  DESIGN  FLOOD. 

After  giving  proper  consideration  to  the  results  of  procedures 
outlined  in  paragraphs  25  to  31>  inclusive,  with  due  regard  for  the 
elements  of  safety  inherent  in  many  of  the  end  results,  it  was  de- 
; cided  to  adopt  hydrograph  B as  the  spillway  design  flood.  Starting 

' with  reservoir  pool  elevation  629.0,  the  spillway  flood,  having  peak 

inflow  of  125,200  c.f.s.,  v/as  routed  through  the  combined  works  of 
spillway  and  conduit  (gates  operative)  and  attained  maximum  pool 
elevation  6U3.I  with  a corresponding  discharge  of  lb,k^0  c.f.s.  from 
spillway  and  k,2C0  c.f.s.  from  conduit.  Inflow-outflow-pool  stage 
hydrographs  are  shovrn  on  plate  D-12.  The  spillway  design  flood  pro- 
duced a water  surface  elevation  0.21  foot  higher  than  that  of  hydro- 
graph  A and  0.12  x’oot  lower  than  that  of  hydrograph  C. 

33.  FREEEOARD  AND  ELEVATION  OF  TOP  OF  DAM. 

Freeboard  was  computed  in  accordance  with  procedures  outlined 
in  paper  3138,  Journal  of  the  Waterways  and  Harbors  Division, 

A.S.C.E. , Vol.  88,  No.  WW2,  May  1962.  Wind  da^a  for  a representative 
first  order  U.  S.  Weather  Bureau  station  shows  a maximum  velocity 
of  record,  expressed  in  miles  per  hour,  for  an  approximate  one  minute 
duration,  as  follows : 
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Station 


Wind 

direction 


Date 


Years 
of  record 


Velocity 
(m.p.h. ) 

Terre  Haute  66  W March  1948  4l 

It  was  estimated  that  for  a given  critical  duration  (time  required  for 
generation  of  wave  heights)  of  19  minutes  a sustained  velocity  of  60 
miles  per  hour  overland  obtains  based  on  an  effective  fetch  of  1.5 
miles.  Application  of  the  above  data  as  it  pertains  to  riprapped  em- 
bankment having  a slope  of  1 vertical  to  2.5  horizontal,  resulted  in 
an  estimate  of  3*97  feet  of  run-up  plus  less  than  0.2  foot  of  windtide. 

A freeboard  of  5*0  feet,  however,  is  the  minimum  allowable  in  the  deter- 
mination of  embankment  height.  The  adoption  of  elevation  648.0  as 
top  of  dam  provides  a freeboard  of  5-00  feet. 

34.  NATURAL  DISCHARGE  - FREQUENCY  CURVE  AT  HYPOTHETICAL  GAGE. 

A study  of  flow  for  given  frequencies  at  a hypothetical  gage,  mile 
79*9  on  the  Embarrass  River,  indicated  that  a sound  discharge  relation- 
ship between  flow  at  that  point  and  that  at  Ste.  Marie  should  be  deter- 
mined by  at  least  two  different  approaches.  The  two  areas  under  study 
were  transposed  into  nearly  adjacent  areas  in  Indiana.  Using  procedures, 
as  outlined  in  U.  S.  G.  S.  publication  "Floods  in  Indiana,  Magnitude 
and  Frequency,"  the  two  areas  were  found  to  be  related  as  approximately 
the  square  root  of  the  drainage  areas.  The  second  method  was  the  actual 
application  of  the  square  root  of  the  drainage  area  ratio  to  the  Ste. 
Marie  flow-frequency  curve,  plate  D-13.  The  final  flow-frequency 
curve  adopted  is  an  arithmetic  average,  of  the  two  procedures  outlined 
as  above. 

35.  NATURAL  STAGE  _ FREQUENCY  CURVES. 

; The  natural  flow-frequency  for  the  Ste.  Marie  and  Mt.  Carmel, 

' Illinois,  gages  was  based  on  reference  entitled  "Hydrologic  Frequency 

Estimates,  ER  1110-2-1450,  10  October  1962."  For  each  station  the 
frequent  portion  of  the  flow-frequency  curve  (500  to  50  events  per  100 
years ) was  based  on  peak  flows  of  a partial  duration  series . In  the 
rare  portion  of  the  frequency  curve  (10  to  0.1  events  per  100  years) 
the  curve  was  based  on  peak  flows  of  annual  flood  series.  The  standard 
deviation  was  adjusted  by  annual  flood  volume  series  studies  including 
durations  1,  3,  10,  and  30-days.  A skew  coefficient  equal  to  zero  was 
assumed  since  the  frequency  curve  is  based  on  peak  flows.  Between  ex- 
ceedence frequencies  of  50  and  10  per  100  years  a logical  transition 
curve  was  dram.  The  resultant  flow-frequency  curve  for  Ste.  Marie, 
Illinois,  is  shown  on  plate  D-13.  The  natural  stage-frequency  curves 
were  determined  by  application  of  the  discharge  rating  curves  to  the 
flow-frequency  curves.  A discharge  rating  curve  for  the  hypothetical 
gage  was  determined  from  flowline  computations  developed  in  the  vicinity 
of  mile  79*9*  Stage-frequency  curves  on  the  Ohio  River  at  Lock  and  Dam 
50  and  Paducah,  Kentucky,  used  in  evaluating  flood  damages,  were  devel- 
oped by  the  Ohio  River  Division.  The  natural  stage-frequency  curves 
are  shown  on  plates  D-l4  through  D-l8. 
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36.  MODIFIED  STAGE  - FREQUENCY  CURVES. 


Modified  frequency  curves  were  determined  by  applying  the  reser- 
voir holdouts  of  fourteen  representative  floods  to  the  respective 
natural  hydrographs  or  natural  hydrographs  modified  by  Group  "A"  res- 
ervoirs. The  Lincoln  dam  site  holdouts  which  v/ere  determined  by 
routing  the  floods  according  to  the  reservoir  regulation  rELan,  v/ere 
routed  downstream  in  order  to  determine  reductions  and  modified  flows 
at  the  downstream  damage  gages.  The  peak  modified  flows  of  each  flood 
at  the  respective  damage  control  station  was  converted  to  stage  by  use 
of  discharge  rating  curves.  The  peak  modified  stage  for  each  of  the 
floods  was  plotted  under  the  peak  natural  curve  or  peak  natural  curve 
modified  by  Group  "A"  reservoirs  for  the  same  frequency.  A smooth 
weighted  curve  drawn  through  the  modified  peak  stages  gives  the  modi- 
fied stage-frequency  curves.  The  modified  stage-frequency  curves  are 
shown  on  plates  D-l4  through  D-lO. 
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SECTION  III  - CLIFTY  CREEK  RESERVOIR 

37.  GENERAL.  The  dam  of  Clifty  Creek  Reservoir  is  located  18.4  miles 
above  the  mouth  of  Clifty  Creek,  a tributary  of  the  East  Fork  V/hite  River 
and  about  one  mile  southwest  of  Hartsville,  Indiana.  Upstream  of  the 
damsite  lies  an  area  of  139.8  square  miles  that  comprises  about  one-half 
on  one  percent  of  the  '.Vabash  River  Basin.  The  reservoir  control  of  the 
drainage  area  above  the  damage  point  of  Mt.  Carmel,  Illinois,  is  increased 
from  10.5  percent  to  11.0  percent  by  the  addition  of  Clifty  Creek  Res- 
ervoir over  that  of  the  total  of  Huntington  Reservoir  (advance  planning), 
Salamonie  Reservoir,  Mississinewa  Reservoir  (each  under  construction), 
Mansfield  Reservoir,  Cagles  Mill  Reservoir,  and  Monroe  Reservoir  (under 
construction) . 

38.  FLOW  AT  DAM  SITE.  Flows  for  flood  periods  earlier  than  February 
1948  were  established  by  application  of  effective  rainfall  to  the  dam 
site  unit  hydrograph.  Flews  later  than  February  1948  were  determined 
by  application  of  drainage  area  ratio  139 .8/88.3  io  the  discharge  of 
the  Clifty  Creek  gaging  station  at  Hartsville,  Indiana. 


39.  UNIT  HYDRCGRAFH  OF  CLIFTY  CREEK  AT  HARTSVILLE,  INDIANA.  The 
gaging  station  on  Clifty  Creek  at  Hartsville,  established  in  February 
1948,  has  a drainage  area  of  88.8  square  miles  and  is  situated  about  2 
miles  upstream  from  the  proposed  site  of  Clifty  Creek  dam.  Runoff 
derived  by  use  of  the  data  of  this  station  provides  an  excellent  measure 
of  reservoir  inf lev;  due  to  the  nearness  of  the  gaging  station  and  dam 
site.  A study  of  gage  records  indicated  three  unit  hydregraphs  of  6-hour 
duration  of  rainfall-excess  which  have  similar  characteristics.  The 
three  unit  hydregraphs,  when  averaged,  produced  a resultant  unit  graph 
that  defines  the  regimen  of  runoff  at  the  gaging  point.  The  unit  hydro- 
graphs  are  shown  on  plate  D-19.  Snyder’s  empirical  unit  hydrograph 
coefficients,  based  on  the  average  unit  graph  of  Clifty  Creek  at 
Hartsville  are  as  follows: 


Factor  symbol 
L (miles)  =>  31.0,  LCa 


0.3 

(miles)  = 19.0,  (LLca) 


6.8 


tfj  (hours)  = 6,  tpR,  (hours)  = 16.5,  Time  of  peak  (hours)  *»  19.5 

Ct  “TEoo)0-3-  “ 2-40 ' 


9pR(c*f .s./sq.mi.)  = 29.3,  Qpp  (c.f.s.)  = 2,6C0 
Cp640  = 48O  Cp  = 0.750 

W50  (hours)  =>  18.8  W75  (hours)  = 14.6 

T (hours)  *»  108 
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40.  UNIT  HjDRCGRfiPH  AT  DAM  SITE.  Due  to  the  proximity  of  the  dam 
site  to  the  gaging  station  on  Clifty  Creek  at  Hartsville,  Indiana, 
the  determination  of  a ’unit  graph  at  the  proposed  cite  was  accompli- 
shed through  the  application  of  drainage  area  ratio  139.8/88.3  to 
the  unit  graph  at  the  gaging  station.  The  resultant  6-hour  unit 
hydrograph  of  Clifty  Creek  at  the  dam  site  is  presented  on  plate  D-20. 

41.  TAILWATER  RATING  CURVE.  The  tailwater  curve  for  the  dam  was 
evaluated  as  the  elevation-discharge  values  determined  from  computed 
profiles  at  mile  18. 4.  Coefficients  of  roughness  varying  from  0.050 
to  0.052  in  the  channel  and  from  0.065  to  0.073  in  the  overtank  were 
determined  by  reproducing  the  observed  January  1959  flood  profile 
from  the  mouth  of  Clifty  Creek  to  the  Hartsville  gage  at  mile  20.3. 

The  elevations  of  water  surface  for  the  various  computed  profiles 
were  made  consistent  with  the  elevation-discharge  relationship  of 
the  Hartsville  gage.  The  elevation -discharge  relationship  thus 
developed  at  mile  18. 4 was  extended  above  14,200  cubic  feet  per  sec- 
ond by  slope-area  computations  using  Manning's  formula.  Plate  D-21 
shows  the  tailwater  rating  curve. 

42.  CHANNEL  CAPACITY.  Based  on  a study  of  the  18 .4  miles  of  Clifty 
Creek  belcw  the  Dam  site,  it  is  estimated  that  a flew  of  about  700 
cubic  feet  per  second  can  he  carried  by  the  stream  without  sustaining 
appreciable  damage  in  the  flood  plain. 

43.  AREA  AND  CAPACITY  OF  RESERVOIR.  Topographic  quadrangle  maps  pre- 
pared by  U.  S.  Geological  Survey  were  used  for  determining  pool  areas 
and  reservoir  capacity.  The  maps  have  a scale  of  1:24>CC0  and  con- 
to'ir  interval  of  10  feet.  The  volume  of  reservoir  capacity  shown  in 
table  11  was  computed  by  this  office  using  planimetered  horizontal 
areas.  Areas  are  given  in  acres  and  capacities  in  acre-feet  and  inches 
on  drainage  area.  The  capacity  in  inches  runoff  from  the  drainage 
area  is  based  on  an  area  of  139.8  square  miles. 

44.  MINIMUM  POOL.  In  order  to  meet  the  requirements  of  recreation, 
fish  and  wildlife  and  siltation,  minimum  pool  is  established  at  eleva- 
tion 705,  a level  that  provides  an  area  of  550  acres  and  a volume  of 
7,700  acre-feet,  which  is  equivalent  to  1.03  inches  runoff  from  the 
drainage  area.  Sedimentation  records  indicate  a loss  of  about  70 
acre-feet  of  storage  annually,  which  when  accumulated  over  a period 

of  approximately  110  years  would  fill  the  reservoir  pool  to  elevation 
705.0.  The  annual  less  represents  about  0.9  percent  of  the  minimum 
pool  storage  capacity. 
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TABLE  11 

AREA  AND  CAPACITY 
CLIFTY  CREEK  RESERVOIR, 
CLIFTY  CREEK,  INDIANA 
Mile  I8.4 


Storage  Capacity  Storage  Capo  city 


Elev. 

( ft . Area 

n.s.l.)  (acres) 

(a  cre- 
feet) 

(inches  on 
drainage 
area) 

Elev 

(ft. 

m.s. 

• 

Area 

l.)(acres) 

(inches  on 
(acre-  drainage 
1 feet)  area) 

661 

0 

0 

0 

710 

661 

10,725 

1.44 

670 

16 

72 

.0097 

712 

7C8 

12,094 

1.62 

672 

21 

1C9 

.0146 

714 

755 

13,557 

1.82 

674 

35 

165 

.0221 

716 

810 

15,122 

2.03 

676 

52 

252 

.034 

718 

86C 

16,792 

2.25 

678 

68 

372 

.050 

720 

919 

18,571 

2.49 

680 

84 

524 

.070 

722 

982 

20.472 

2.75 

682 

105 

713 

.096 

724 

1050 

22,504 

3. 02 

684 

123 

946 

.13 

726 

1126 

24,680 

3.31 

686 

155 

1229 

.16 

728 

1205 

27,011 

3.62 

688 

184 

1568 

.21 

730 

1290 

29,506 

3.96 

690 

212 

1964 

.26 

732 

1400 

32,196 

4.32 

692 

260 

2436 

.33 

734 

1515 

35,111 

4.71 

694 

305 

3001 

.40 

736 

1645 

38,271 

5.13 

696 

350 

3656 

.49 

738 

1785 

41,701 

5.59 

698 

390 

4396 

.59 

740 

1944 

45,430 

6.C9 

700 

446 

5232 

.70 

742 

2105 

49,479 

6.64 

702 

480 

6158 

.83 

744 

2290 

53,874 

7.23 

704 

525 

7163 

.96 

746 

2490 

58,654 

7.37 

706 

570 

8258 

1.11 

748 

2710 

63,854 

8.56 

7C8 

618 

9446 

1.27 

750 

2944 

69,508 

9.32 

45.  RESERVOIR  STORAGE  FOR  FLOOD  CONTROL. 

The  location  of  the  town 

of  Hartsville,  Indiana,  which  is  about  2 miles  upstream  from  Clifty 
Creek  dam,  limits  the  maximum  flood  control  pool  (top  of  spillway 
gates)  to  elevation  745.0  and  the  induced  surcharge  pool  to  elevati 
748.0.  The  total  storage  available  at  pool  elevation  74 5.0  is  56,2fc. 
acre-feet  which  is  equal  to  7.55  inches  runoff.  The  flood  control 
storage  below  pool  elevation  745.0  and  above  top  of  minimum  pool 
(elevation  705. 0)  is  48,560  acre-feet  which  is  equivalent  to  runoff 
of  6.51  Inches. 

Z6.  RESERVOIR  REGULATION  FLAN.  The  regulation  table,  which  gx  :;~ 
allowable  releases  to  meet  flood  contro]  requirements  downstream 
from  Clifty  Creek  Reservoir,  is  based  on  critical  channel  capacities 
of  975  c.f.s.  at  mile  7.90  on  Clifty  Creek,  and  2,5CO  c.f.s.  at  mile 
231.5,  East  Fork  White  River.  Flow  from  the  uncontrolled  dr  a 5 -;e 

areas  upstream  from  the  critical  damage  points  was  determined  V - 
drainage  area  proportion  of  its  areas  to  that  of  the  area  of  th' 
Columbus  gage.  The  allowable  reservoir  releases  indicated  in  the 
regulation  table  are  th'*  difference  bet. ecu  critical  channel  capacity 
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and  the  flow  from  the  uncontrolled  area.  The  reservoir  regulation  table, 
which  is  based  on  natural  flows  at  Columbus  and  which  is  a part  of 
table  12,  was  developed  for  use  of  the  study  only.  In  addition,  reser- 
voir regulation  is  based  on  river  conditions  at  damage  centers  at 
Bedford,  Newberry,  ivlt.  Carmel  and  Evansville.  Controlling  stages 
at  the  U.  S.  Weather  Bureau  gage  at  Bedford  are  14  feet  on  a rising 
river  and  26  feet  on  a falling  river.  Controlling  stages  at  the 
U.  S.  Weather  Bureau  gage,  Newberry,  are  8 feet  on  a rising  river 
and  18  feet  on  a falling  river.  Controlling  stages  at  U.  S.  Weather 
Bureau  gage  at  Mt.  Carmel  are  12  feet  on  a rising  river  and  23  feet 
on  a falling  river.  Controlling  stages  at  the  U.  S.  Weather  Bureau 
gage  at  Evansville  are  35  feet  on  a rising  river  and  45  feet  on  a 
falling  river.  The  controlling  stages  are  based  on  the  beginning 
of  damage  for  reaches  of  tine  streams  represented  by  the  gages  with 
due  allowances  for  time  of  travel  from  Clifty  Creek  Reservoir  to 
these  damage  points.  When  flood  control  pool  elevation  745.0  is  reached, 
the  induced  surcharge  envelope  curve  will  be  followed  up  to  elevation 
748.O,  which  will  be  accomplished  by  gate  regulation.  If  maximum 
induced  surcharge  elevation  748. 0 is  reached,  the  gates  will  be 
raised  at  a rate  that  will  prevent  further  surcharging  of  the  reser- 
voir pool.  When  the  modified  peak  inflow  has  been  passed,  the 
maximum  gate  opening  will  be  held  until  reservoir  pool  recedes 
to  elevation  745.0.  All  inflow  will  be  passed  until  downstream 
controls  permit  drawdown  of  the  flood  control  pool.  Table  12, 

"Schedule  of  Regulation,  Clifty  Creek  Reservoir,"  gives  the  details 
of  procedure  for  regulation  of  the  reservoir  for  flood  control. 


TABLE  12 


**  Max.  Flood  Control  Pool 
***  Max.  Induced  Surcharge  Pool 

Notes:  Spillway  contains  3-40  Toot  wide  openings 

Spillway  Crest  717.0 


1 


47.  UTILIZATION  OF  FLOOD  CONTROL  STORAGE.  regulation  of  the  r*7e~"oir 
so  as  to  store  excess  runoff  of  seven  typical  flood  periods  c.-rtenul-ifa 
from  1933  through  1961,  indicated  that  the  highest  reservoir  pool  stages 
attained  were  elevation  745.5  and  745.6  which  occurred  during  the  January 
1937  and  January  through  April  1950  flood  periods,  respectively.  These 
reservoir  pool  elevations  respectively,  represent  1C2.4  and  103.2  per- 
cent utilization  of  flood  control  storage.  Table  13  shows  results 

the  reservoir  regulation  studies. 

48.  STANDARD  PROJECT  STORM.  The  Standard  Project  Storm,  determined  by 
the  method  outlined  in  Civil  Engineering  Bulletin  No.  52-8,  Corps  of 
Engineers,  dated  March  26,  1952,  is  shown  by  6-hour  rainfall  amounts  in 
table  14.  The  standard  project  atcrm  isohyetal  pattern  was  superimposed 
over  the  Clifty  Creek  Reservoir  drainage  basin  to  obtain  maximum  rain- 
fall, as  shown  on  plate  D-22.  To  obtain  the  rainfall-excess  amounts, 
the  storm  was  modified  by  an  initial  loss  of  0.15  inch  and  an  infiltra- 
tion rate  of  0.05  inch  per  hour.  The  infiltration  and  rainfall-excess 
amounts  are  also  shewn  on  table  14* 

49.  STANDARD  PROJECT  FLOOD.  The  Standard  Project  Storm  rainfall-excess 
was  applied  to  the  Clifty  Creek  natural  unit  hydrograph  on  plate  D-23, 
and  an  assumed  base  flow  of  150  cubic  feet  per  second  was  added.  The 
resulting  hydrograph  was  routed  through  the  reservoir  in  accordance  with 
the  schedule  of  regulation  presented  in  table  12,  assuming  the  reservoir 
at  minimum  pool  elevation  705.0  and  the  downstream  control  stations  all 
above  flood  stage  at  the  start  of  the  Standard  Project  Storm.  Outflow 
was  regulated  to  maintain  a minimum  release  of  300  cubic  feet  per  sec- 
ond until  maximum  flood  pool  elevation  745.0  was  attained.  Above  eleva- 
tion 745.0  surcharge  routing  developed  a maximum  water  surface  elevatiou 
of  746.6.  The  Standard  Project  Flood  was  routed  down  to  flood  control 
pool  745.0  and  all  inflow  will  be  passed  through  the  sluiceway  and/or 
spillway  until  downstream  conditions  indicate  that  the  flood  is  over 
and  that  the  reservoir  can  be  emptied  of  its  storage. 
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TABLE  13 

FLOOD  CONTROL  STORAGE  UTILIZATION  DATA 
CLIFTY  CREEK  RESERVOIR 


TABLE  14 

STANDARD  PROJECT  STORM 
RAINFALL  AND  RA INFALL-EXCESS 
ABOVE  CLIFTY  CREEK  DALI  SITE 


Time 

6-Hour 

Infiltration 

Rainfall 

in 

rainfall 

loss 

excess 

hours 

(inches) 

(inches) 

(inches) 

0-6 

0.03 

0.03 

0 

6-12 

0.09 

0.09 

.10 

12-18 

0.43 

0.30 

0.13 

18-24 

0.05 

0.05 

0 

24-30 

0.10 

0.10 

0 

30-36 

0.28 

0.28 

0 

36-42 

1.44 

0.30 

1.14 

42-48 

0.18 

0.18 

0 

48-54 

0.63 

0.30 

0.33 

54-60 

1.76 

0.30 

1.46 

60-66 

9.08 

0.30 

8.78 

66-72 

1.13 

0.30 

0.33 

72-78 

0.01 

0.01 

0 

78-84 

0.04 

0.0 4 

0 

84-90 

0.22 

0.22 

0 

90-96 

0.03 

0.03 

0 

TOTAL 

15.50 

2.83 

12.67 

50.  SEASONAL 

FOOL  REGULATION 

PLAN.  Seasonal  low 

flow  regulation  is 

predicated  on  reducing  the  allocated  flood  control  storage  during  the 
summer  months  and,  thereby,  increase  the  water  surface  in  the  interest 
of  general  recreation  and  make  available  storage  for  increasing  the 
natural  flow  between  1 April  and  30  November.  The  method  is  as  folic.. s : 
Starting  1 April  with  pool  at  minimum  level  the  water  surface  in  the 
reservoir  would  be  raised  as  rapidly  as  inflows  will  permit  so  as  to 
attain  the  seasonal  pool  elevation  by  1 May.  The  seasonal  pool  eleva- 
tion is  set  at  such  a level  that  it  will  be  attained  three-fourths  or 
more  of  the  years.  With  pool  elevations  at  or  near  seasonal  level, 
storage  can  be  released  when  necessary  to  satisfy  minimum  flow  objectives 
downstream.  The  Fish  and  Wildlife  Service  in  Appendix  F,  exhibit  F-3 
stated  that  in  order  to  sustain  the  estimated  number  of  anglers  down- 
stream from  the  dam,  it  would  require  minimum  discharges  of  at  least 
20  cubic  feet  per  second.  Such  flow  objective  would  result  in  sub- 
stantial lowering  of  the  seasonal  pool  during  the  recreation  season. 
Accordingly,  more  detailed  studies  should  be  made  during  the  advanced 
planning  period  of  the  reservoir  project  in  order  to  ascertain  a 
realistic  minimum  reservoir  release  consistent  with  existing  conditions. 
Seasonal  pool  level  for  Clifty  Creek  Reservoir  was  set  at  elevation 
720.0  which  provides  10,870  acre-feet  or  1.46  inches  runoff  of  storage 
above  the  top  of  minimum  pool  (elevation  705.0).  Beginning  1 September 
and  ending  30  November  the  pool  would  be  depleted  while  meeting  low 
flow  and  flood  control  requirements  so  as  to  be  down  to  minimum  pool  at 
the  end  of  November.  The  water  surface  increases  from  an  area  of  550 
acres  at  minimum  pool  level  to  919  acres  at  seasonal  pool  level. 

51.  SPILLWAY.  A concrete  overflow  section  through  the  dam  embankment 
and  founded  on  rock  is  proposed  as  the  spillway.  The  spillway  consists 
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of  three  40-foot  wide  openings  with  the  spillway  section  having  an 
ogee  shape  and  crest  at  elevation  717.0.  Two  10-foot  wide  piers  are 
spaced  so  as  to  accommodate  three  28-foot  high  by  40-foot  wide  tainter 
gates.  Discharge  rating  of  the  three  spillway  openings  was  developed 
through  use  of  the  basic  weir  formula: 

3/2 

Q = CLH  where; 

Q = discharge,  in  cubic  feet  per  second 

C = discharge  coefficient 

H = head  on  ogee  crest,  in  feet 

L = effective  length  of  spillway,  in  feet 

L o L»  - 2 (NKp  + Kg  ) H 

L*  o net  length  of  spillway,  in  feet 

N =>  number  of  piers 

Kp=  pier  contraction  coefficient 

K0=  abutment  contraction  coefficient 

<3 

Values  of  C,  Kp  and  Ka  were  determined  from  plates  5,  13  and  14,  respec- 
tively, of  Engineering  Manual  titled  "Hydraulic  Design,  Spillways." 
Discharge  capacity  of  the  three  40-foot  openings  at  top  flood  control 
elevation  7,3.0,  is  about  71,700  cubic  feet  per  second.  Spillway  dis- 
charge rating  curve  is  shown  on  plate  D-24* 

52.  STILLING  BASIN.  The  stilling  basin  is  designed  on  the  basis  of 
a reservoir  outflow  of  71,000  cubic  feet  per  second.  The  correspond- 
ing pool  elevation  for  71,000  cubic  feet  per  second  is  744.8,  which 
is  27.8  feet  above  top  of  spillway  crest  elevation  717.0.  Details  of 
the  stilling  basin  are  shewn  on  plates  D-25  and  D-26.  The  tailwater 
level  corresponding  to  a flew  of  71,000  cubic  feet  per  second  is 
estimated  to  be  at  elevation  695.2.  The  jump-height,  to  satisfy  the 
momentum  equation,  based  on  a stilling  basin  uidifj  of  140-feet  anda  floor 
elevation  653.9,  is  computed  to  be  at  elevation  695.2.  Assurance  that 

the  hydraulic- jump  will  occur  in  the  basin  is  afforded  by  a iump- 
height  computation  made  at  the  upstream  end  of  the  end  sill  in  which 
reduction  in  D2  of  10  percent  is  made  for  head  losses  resulting  from 
floor,  walls,  baffle  blocks  and  end  sill.  The  jump-height  thus  com- 
puted (41.3)  feet  will  rise  to  the  tailwater  level  for  71,000  cubic 
feet  per  second.  The  length  of  the  stilling  basin  was  established 
at  124  feet,  which  is  about  3.0  times  the  design  jump-height  (41.3 
feet).  The  maximum  velocity  in  the  channel  immediately  downstream 
from  the  end  sill,  for  flews  up  to  71,000  cubic  feet  per  second,  is 
estimated  to  be  less  than  15  feet  per  second.  To  prevent  erosion  in 
the  channel,  riprap  will  be  placed  for  approximately  100  feet  down- 
stream from  the  end  sill. 

53.  RESERVOIR  OUTLETS.  Since  Clifty  Creek  Reservoir  will  have  a 
concrete  spillway,  sluices  are  built  into  the  concrete  structure. 

Two  4-foot  wide  by  6-foot  high  passageways  with  entrance  invert  at 
elevation  666.0  ere  provided.  A bellncuth  entrance  is  provided  in 
order  to  eliminate  negative  pressures  in  localized  areas  at  the 
entrance  of  the  sluiceway.  Heavy  trash  bars  are  stipulated  at  the 
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entrance  of  each  sluiceway.  The  total  length  of  each  slv- ocv-y  ir 
about  70  feet.  In  order  to  provide  for  flexible  regulation  of  -.u. 
flows,  each  passageway  will  be  provided  with  a gate  capable  of 
restricting  the  opening  (part  gate).  Additional  details  of  sluices 
are  given  on  plate  5 of  report.  The  two  sluices  will  discharge  1,960 
cubic  feet  per  second  at  minimum  pool  elevation  705.0  and  2,860 
cubic  feet  per  second  at  maximum  flood  control  pool  elevation  745.0. 
Plate  D-27  gives  the  discharge  rating  of  the  two  sluices  assuming 
all  gates  are  wide  open. 

54.  SELECTION  OF  PROBABLE  MAXIMUM  STORM.  The  basis  of  season 
variations  of  the  probable  maximum  rainfall  are  shown  in  paragraph 
4 and  depth  values  are  given  in  table  1.  The  seasonal  storm 
selection  for  spillway  design  is  that  storm  runoff  which  when  routed 
through  the  spillway  will  produce  the  maximum  reservoir  pool  stage. 

The  reservoir  pool  elevation  at  the  beginning  of  the  spillway  design 
flood  is  the  maximum  pool  for  the  same  season  obtained  from  routings 
made  according  to  the  Reservoir  Regulation  Plan,  the  results  of  the 
routings  are  shewn  in  table  13.  The  April  seasonal  storm  produced 

a peak  runoff  at  the  dam  site  of  71,000  c.f.s.  (spillway  design  flocc) 
and  the  highest  initial  pool,  that  at  elevation  745.0,  obtained  4-7 
April  1950.  The  discharge  capacity  of  3~40  foot  wide  spillway  open- 
ings is  estimated  at  71,700  c.f.s.  and  the  2-4  foot  by  6 foot  sluices 
at  2,600  c.f.s.  The  spillway  design  flood  will  be  routed  through 
the  spillway  utilizing  the  3 feet  of  induced  surcharge  storage  between 
pool  elevations  745.0  and  748.0.  Table  13  indicates  that  the  maximum 
reservoir  pool  likely  to  be  obtained  in  the  month  of  May  as  that  of 
elevation  735.4,  obtained  23  May  1933.  Thus  the  initial  pool  for  the 
May  seasonal  storm  which  is  estimated  to  have  a peak  runoff  of  about 
80,000  c.f.s.  is  9.6  feet  lower  than  the  initial  pool  for  April. 

Since  the  peak  of  the  May  seasonal  flood  is  only  about  7 percent 
larger  than  the  combined  capacity  of  the  spillway  and  sluices  . 

(74,300  c.f.s.)  at  pool  elevation  745,  and  in  view  of  the  lower 
starting  pool  elevation  that  spillway  routings  would  have  in  May, 
the  April  seasonal  probable  maximum  flood  is  adopted  as  the  basis  of 
spillway  design. 

55.  RUNOFF  OF  PROBABLE  MAXIMUM  STORM.  Based  on  studies  of  infiltra- 
tion during  late  spring  and  summer,  a minimum  rate  of  0.05  inch  per 
hour  was  selected.  Initial  loss  was  assumed  to  be  0.15  inch.  Six- 
hour  ordinates  of  the  April  probable  maximum  storm  were  arranged  in 
the  sequence  which  would  produce  maximum  peak  discharge  in  the  design 
flood  hydrograph.  Table  15  shows  the  distribution  of  rainfall, 
infiltration  and  rainfall-excess  by  6-hour  periods. 
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TABLE  15 

PRCBABLE  MAXIMJM  DISTRIBUTION 
FOR  SPILLWAY  DESIGN  FLOOD 
CLIFTY  CREEK 
RESERVOIR 
APRIL  STORM 


Time 

6-Hour 

Infiltration 

Rainfall 

in 

rainfall 

loss 

excess 

houre 

( inches) 

( inches) 

( inches) 

0-6 

0.60 

0.38 

0.22 

6-  12 

0.70 

0.30 

0.40 

12-18 

0.80 

0.30 

0.50 

J8-24 

0.90 

0.30 

0.60 

24-30 

1.10 

0.30 

0.80 

30-36 

3.30 

0.30 

3.00 

36-42 

8.80 

0.30 

8.50 

42-48 

0.80 

0.30 

0450 

Total 

17.  CO 

2.48 

14*52 

56.  INFLOW  UNIT  HYDRCGRAPHS.  The  inflow  unit  hydrographs  developed 
for  spillway  design  were  based  on  an  average  pool  level  above  elevation 
745.0,  which  is  believed  to  provide  sequence  of  inflow  likely  to  occur 
during  the  spillway  floods.  The  reservoir  drainage  area  was  subdivided 
into  the  following  areas: 

a.  Three  areas  above  head  of  reservoir  totaling  121.4  square  miles. 

b.  Four  areas  adjacent  to  the  reservoir  surface  totaling  15.36 
square  miles. 

c.  Reservoir  surface  area,  3.O4  square  miles. 

Regimen  of  flood  runoff  is  defined  by  inflow  unit  hydrographs  developed 
for  runoff  originating  above  head  of  the  reservoir  pool  and  for  runoff 
( orvfci-ibuting  to  the  pool  from  individual  areas  along  its  periphery. 

Ixe  required  by  flood  waters  entering  the  upper  end  of  the  reservoir 
to  become  effective  in  raising  the  reservoir  level  at  the  dam  and  spill- 
way sites  was  investigated  and  found  to  be  less  than  one  hour. 

57,  UNIT  HYDRCGRAPHS  FOR  BASIN  ABOVE  HEAD  CF  RESERVOIR.  The  area 
abov  :•  the  head  of  the  reservoir,  121.4  square  miles,  was  divided 
into  three  sub-areas  designated  1-a,  representing  drainage  from  78.65 
square  miles  of  Clifty  Creek,  1-b,  representing  drainage  from  9.59 
square  miles  of  Middle  Fork,  a tributary  of  Clifty  Creek  and  1-c, 
representing  drainage  from  33.16  square  miles  of  Fall  Fork,  a tribu- 
tary of  Clifty  Creek.  Area  1-a  unit  graph  was  developed  by  drainage 
area  proportion  using  the  Hartsville  unit  graph.  Unit  graphs  for 
areas  1-b  and  1-c  were  developed  by  the  use  of  Snyder's  method. 

Snyder  coefficients,  other  than  those  measured  for  L and  LCa  were  derived 
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through  the  correlation  of  data  from  other  areas  which  have  similar 


runoff  characteristics.  The  coefficients  Ct  and  Cp  , thus  derived, 
together  with  the  coefficients  (LLca)  '>  which  were  used  in  the 
evaluation  of  other  coefficients  such  as  "Lag"  time,  hydrograph 
widths  (hours)  at  50  and  75  percent  of  peak  discharge,  are  shown  in 
table  16.  Through  use  of  the  above  mentioned  coefficients,  basic 
unit  graphs  for  the  individual  areas  designated  1-b  and  1-c  were 
developed  by  adopting  patterns  most  consistent  with  corresponding 
S-curve  hydrographs  as  shown  in  table  16.  Unit  hydrcgraphs  1-a,  1-b 
and  1-c  were  then  combined  to  produce  the  total  inflow  unit  hydro- 
graph 1-A  for  the  entire  121.4  square  mile  area  at  the  head  of  the 
reservoir.  Since  storms  of  a magnitude  approaching  the  probable 
maximum  produce  peak  discharges  of  the  unit  hydrograph  that  are 
consistently  higher  than  those  computed  from  records  of  minor  floods, 
the  peak  of  hydrograph  1-A  was  increased  arbitrarily  by  25  and  50 
percent.  Thus,  hydrographs  1-B  and  1-C  each  having  the  same  volume 
as  hydrograph  1-a  but  of  different  degrees  of  concentration  for  the 
total  area  at  the  head  of  Clifty  Creek  Reservoir,  were  developed. 
Pertinent  unit  hydrograph  data  relative  to  the  sub-area,  including 
3-hour  instantaneous  values  of  unit  and  S-curve  hydrographs  are 
shown  in  table  17. 
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TABLE  16 

BASIC  UNIT  AND  S-CURVE  HYDRCGRAPHS  FC'R 
HEAD  OF  RESERVOIR  SUB -AREAS 
CLIFTY  CREEK  RESERVOIR,  CLIFTY  CREEK,  INDIANA 
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UNIT  AND  S-CURVE  KYDRCGRAPHS 
FOR  HEAD  CF  RESERVOIR  TOTAL  AREA 
CLIFTY  CREEK  RESERVOIR,  CLIFTY  CREEK,  INDIANA 
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TABLE  17  (Cont'd) 

GRAPH  1-A  GRAPH  1-B  GRAPH  1-C 

Unit  S-Gurve  Unit  s-curve  Unit  3-curve 

hydrograph  hydrcgraph  Hydrcgraph  hydrcgraph  hydrograph  hydrograph 


58.  UNIT  HYDRCGRAFHS  FOR  AREAS  ADJACENT  TO  RESERVOIR  FOOL.  Area  2 
v/as  divided  into  four  sub-areas  aggregating  to  15.36  square  miles,  the 
smallest  of  which  is  1.78  and  the  largest  7.73  square  miles.  Unit 
hydrographs  for  these  areas,  lying  along  the  periphrey  of  the  reservoir 
pool,  were  developed  by  synthetic  methods,  due  to  the  absence  of 
observed  flov/  records  for  each  of  the  respective  strearas.  Unit  hydro- 
graph values  thus  derived  \7ere  for  peak  discharge,  time  of  peak,  the 
discharge  at  twice  the  time  of  peak  and  base  time.  These  values  were 
related  to  slope  of  the  valley  and  the  size  of  the  drainage  area  for 
the  condition  of  uniform  distribution  of  rainfall.  Ordinates  of  the 
four  one-hour  unit  graphs  were  combined  into  a single  one-hour  unit 
graph  and  this  converted  into  a unit  hydrograph  of  6-hour  duration  of 
rainfall-excess.  The  resultant  unit  hydrograph,  designated  2,  having 
peak  flov;  of  1,464  c.f.s.  or  95.3  c.f.s.  per  square  mile  of  drainage 
area  is  shown  in  table  18. 


TABLE  18 

TOTAL  UNIT  HYDRCGRAFH 
FOR  AREAS  ADJACENT  TO  RESERVOIR  FOOL 
CLIFTY  CREEK  RESERVOIR 


Time 

Time 

in 

Discharge 

in 

Discharge 

hours 

(c.f.s.) 

hours 

(c.f.s.) 

0 

0 

12 

160 

380 

95 

3 

1042 

15 

47 

1360 

20 

6 

1464 

18 

6 

1235 

2 

o 

> 

537 

21 

0 

260 

59.  RUNOFF  FOR  RESERVOIR  FOOL  AREA.  Since  the  rate  of  runoff  for 
the  surface  of  the  reservoir  pool  is  equal  to  the  rate  of  rainfall, 
one  inch  of  rainfall  in  six  hours  over  3.04  square  miles  of  pool 
area  represents  a uniform  discharge  of  327  c.f.s.  from  area  3. 
Accordingly,  for  a rainfall  of  l~inch  in  6 hours  the  following  run- 
off results: 

Time 

in  Discharge 

hours  (c.f.s.) 

0-3  327 

3-6  327 

60.  SPILLV/AY  FLOODS.  Since  the  volume  and  time  and  degree  of  con- 
centration of  runoff  into  the  reservoir  cannot  be  ascertained  with 
a high  order  of  accuracy,  it  is  desirable  to  estimate  the  ertont  of 
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variations  in  maximum  reservoir  levels  that  would  obtain  from  varied 
basic  assumptions  regarding  runoff.  By  application  of  the  "rain- 
fall-excess"  of  table  15  to  unit  hydrographs  1-A  and  2,  plus  the 
application  of  "rainfall"  from  the  same  table  to  unit  graph  3,  the 
basic  provisional  spillway  flood,  designated  hydrcgraph  A,  was 
developed.  Hydrographs  of  design  storms  that  reflect  greater  con- 
centrations of  runoff  than  that  indicated  for  the  provisional 
spillway  flood  were  developed  through  application  of  unit  graphs 
1-B  and  1-C,  respectively,  to  increments  of  rainfall-excess  cover- 
ing the  12-hour  period  of  greatest  intensity  and  substituted  in 
proper  time  relation  for  the  corresponding  runoff  computed  by  use 
of  unit  graph  1-A.  Hydrographs  A,  B,  and  C shown  in  table  19 
were  developed  by  procedures  outlined  above.  Comparative  data, 
showing  maximum  reservoir  inflcw( 59,000  c.f.s.)for  the  basic  pro- 
visional spillway  flood,  peak  flow  for  greater  concentration  of 
runoff,  and  other  characteristics,  are  presented  in  Table  20. 
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TABLE  19 

HYPOTHETICAL  HYDRCGRAPHS  OF  RUNOFF  FROT.I  SPILLV/AY 

DESIGN  STORM 

CLIFTY  CREEK  RESERVOIR,  CLIFTY  CREEK,  INDIANA 


in 

3 -hr  average 

values 

in 

3 -hr 

average  ■ 

values 

hours 

(c.f .s.) 

hours 

(c.f .s.) 

A* 

B**- 

C 

A* 

B** 

C 

0-3 

487 

487 

487 

75-78 

3145 

3904 

3616 

3-6 

1094 

1094 

1094 

78-81 

2744 

3368 

3100 

6-9 

1975 

1975 

1975 

81-84 

2419 

2925 

2805 

9-12 

2598 

2598 

2598 

84-87 

2252 

2644 

2535 

12-15 

3883 

3883 

3883 

87-90 

2073 

2362 

2270 

15-18 

5201 

5201 

5201 

90-93 

1896 

2118 

2023 

18-21 

9031 

9031 

9031 

93-96 

1746 

1855 

1738 

21-23 

8664 

8664 

8664 

96-99 

1596 

1663 

1566 

23-27 

7100 

7100 

7100 

99-102 

1456 

1489 

1403 

27-30 

7315 

7315 

7315 

102-105 

1353 

1316 

1233 

30-33 

1020 2 

10916 

11207 

105-108 

1233 

1177 

1114 

33-36 

14125 

I8484 

2 0017 

108-111 

1131 

1034 

963 

36-39 

25795 

31580 

35417 

111-114 

1054 

898 

861 

39-42 

37648 

52240 

57590 

114-117 

995 

738 

727 

42-45 

56399 

67935 

72892 

117-120 

925 

634 

623 

45-48 

50183 

55104 

55266 

120-123 

855 

541 

529 

48-51 

43701 

41056 

31227 

123-126 

796 

454 

439 

51-54 

37666 

29195 

21936 

126-129 

739 

367 

350 

54-57 

30892 

14959 

16087 

129-132 

690 

304 

279 

57-60 

24250 

11562 

12711 

132-135 

630 

234 

20  8 

60-63 

13574 

9701 

10467 

135-138 

553 

198 

172 

63-66 

8428 

8218 

8394 

138-141 

427 

172 

172 

66-69 

6011 

6592 

6523 

141-144 

264 

170 

170 

69-72 

4627 

5455 

5161 

144-147 

165 

165 

165 

72-75 

3721 

4632 

4353 

147-150 

156 

156 

156 

* Basic  provisional  spillway  flood  runoff 

**  Adopted  as  spillway  design  flood 
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TABLE  20 

SPILLWAY  FLOCD  DATA 
CLIFTY  CREEK  RESERVOIR 


61.  RESULTS  OF  ROUTING  SPILL7AY  FLOODS.  Using  an  initial  pool  at 
elevation  745.0  pith  the  spillway  gates  operative,  the  spillway  floods 
A,  1.25A,  1.50A,  B,  and  C were  routed  through  the  reservoir.  In  the 
beginning  of  the  flood  routings,  when  outflow  was  less  than  7C0  cubic 
feet  per  second,  the  channel  capacity,  there  pa s no  surcharging  o'1 
the  flood  control  pool  elevation  745.0.  When  inflows  increased  above 
channel  capacity,  the  induced  surcharge  envelope  curve  shown  on 
plate  D-24  was  used  to  regulate  the  outflow  and  insure  that  maximum 
surcharge  pool  elevation  748.0  was  not  exceeded.  After  the  floods 
had  crested,  the  maximum  gate  openings  were  retained  until  the  floods 
receded  to  static  flood  control  pool  elevation  745.0. 

Discharge  ratings  for  spillway  and  sluiceways  are  shown  on  plates 
D-24  and  D-27,  respectively.  Reservoir  elevation- inflow-outflow 
curves,  which  result  from  flow  routings,  in  terms  of  basic  provisional 
spillway  flood  volume  or  peak  (hydrcgraph  A)  are  presented  in  plate 
D-28.  Points  on  curve  P were  computed  by  routing  hypothetical  hydro- 
graphs representing  the  same  volume  as  the  basic  provisional  spillway 
flood,  but  with  higher  peak  rates  and  consequently  greater  concentration 
of  runoff.  The  quantitative  effect  of  possible  errors  in  estimating 
the  critical  regimen  of  runoff  from  the  probable  maximum  storm  are 
determined  from  curve  P.  In  contrast,  curve  V was  computed  by  routing 
hypothetical  hydrographs  representing  a uniform  percentage  increase 
in  all  ordinates  of  the  basic  provisional  spillway  flood  hydrograph. 

The  percentage  increase  in  hydrograph  ordinates  is  equivalent  to  an 
increase  in  volume  of  the  design-storm-rainfall -excess  quantities - 
There  is  no  change  in  the  assumed  regimen  of  runoff  as  previously 
established  by  the  unit  hydrograph  used  in  development  of  the  basic 
provisional  spillway  flood  estimate.  The  slopes  of  curves  P and  V 
when  compared,  serve  as  an  index  to  the  relative  effects  of  possible 
errors  in  estimating  the  critical  volume  and  regimen  of  runoff. 

62.  SPILLWAY  DESIGN  FLOOD.  After  due  consideration  was  given  the 
factors,  as  presented  in  foregoing  paragraphs  54  through  61  together 
with  the  relative  and  inherent  elements  of  safety  involved,  hydrograph 
B was  adopted  as  the  spillway  design  flood.  Hydrograph  B,  with  a 
peak  discharge  of  71,000  cubic  feet  per  second,  will  surcharge 
static  flood  control  pool  elevation  745.0  to  elevation  747.71,  with 

a modified  peak  outflow  of  63,200  cubic  feet  per  second. 

Hydrograph  C with  a peak  discharge  of  76,000  c.f.s.  will  sur- 
charge static  flood  control  pool  elevation  745.0  to  elevation  747.85 
with  a modified  peak  outflow  of  68,000  cubic  feet  per  second. 

Hydrograph  A,  with  its  peak  of  59,000  c.f.s.  will  also  sure1 ‘urge 
static  flood  control  pool  elevation  745.0  to  elevation  747.23  with 
a modified  peak  outflow  of  51,460  cubic  feet  per  second. 

63.  FREEBOARD  AND  ELEVATION  CF  TCP  OF  DAM.  Freeboard  was  computed  in 
accordance  with  procedures  outlined  in  paper  3138  Journal  of  the  fate  - 
ways  and  Harbors  Division,  A3CE,  Vol.  88,  No.  VA/2,  May  1962.  find 
data  for  two  representative  first  order  U S.  'leather  Bureau  stations 
show  maximum  velocities  of  record,  expressed  in  miles  per  he  .v,  fc 

a.i  approximate  one  minute  duration,  as  follows; 
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Station 

Velocity 
(m.p.h. ) 

Wind 

Direction 

Date 

Years  of 
record 

Indianapolis 

111 

NW 

June  1929 

81 

Louisville 

68 

NW 

May  1915 

51 

It  was  estimated 

that  for  a given  critical 

duration  (time 

required 

for  generation  of 

wave  heights) 

of  19  minutes,  a sustained 

velocity 

of  60  miles  per  hour  overland  obtains  based  on  an  effective  fetch  of 
1.5  miles.  Application  of  the  above  data  as  it  pertains  to  riprapped 
embankment  having  a slope  of  1 vertical  to  2.5  horizontal,  resulted 
in  an  estimate  of  3.9  feet  of  run-up  plus  less  than  0.4  foot  of  wind- 
tide.  A freeboard  of  5*0  feet,  however,  is  the  minimum  allowable  in 
the  determination  of  embankment  height.  The  adoption  of  elevation 
753.0  as  top  of  dam  provides  a freeboard  of  5*00  feet. 

64.  NATURAL  STAGE  - FREQUENCY  CURVES. 

The  natural  flow-frequency  for  Hartsville,  Seymour,  Shoals,  and 
Petersburg,  all  in  Indiana,  were  based  on  reference  entitled  "Hydrologic 
Frequency  Estimates,  ER  1110-2-1450,  10  October  1962."  The  same  methods 
of  evaluating  flow-frequency  for  these  stations  are  used  as  that  for 
the  Ste.  Marie  and  Mt.  Carmel,  Illinois  stations  which  are  given  in 
paragraph  35 • The  natural  stage-frequency  curves  for  Seymour,  Shoals 
and  Petersburg  were  determined  by  application  of  the  discharge  rating 
curves  to  the  f low-frequency  curves.  The  flow-frequency  curve  for 
Petersville,  a hypothetical  gage  on  Clifty  Creek  was  determined  by 
increasing  the  flows  of  the  flow-frequency  curve  shown  as  plate  D-30 
by  approximately  the  square  root  of  the  drainage  area.  A discharge 
rating  curve  determined  from  backwater  computations  on  Clifty  Creek 
was  used  to  develop  a stage-frequency  curve  at  Petersville.  The 
natural  stage-frequency  curves  are  shown  on  plates  D-31  through  D-35. 


65.  MODIFIED  STAGE-FREQUENCY  CURVES. 

Modified  frequency  curves  were  determined  by  applying  the  reservoir 
holdouts  of  seven  representative  floods  (May  1933,  January  1937,  March 
1939,  February  1950,  May  1957,  January  1959  and  May  196l)  to  the  respec- 
tive natural  hydrographs  or  natural  hydrographs  modified  by  Group  "A" 
reservoirs.  The  modified  stage-frequency  curves  dov?nstream  for  Clifty 
Creek  dam  site  were  determined  by  similar  methods  to  that  indicated  in 
paragraph  36 • The  modified  stage-frequency  curves  are  shown  on  plates 
D-31  through  D-35. 
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SECTION  IV  - PATOKA  RESERVOIR 


66.  GENERAL. 

a.  ACKNOWLEDGEMENT . The  Indiana  Flood  Control  and  Water 
Resources  Commission  has  developed  the  Patoka  Reservoir  project  in 
"Survey  Report  for  Flood  Control  and  Water  Resources  Development, 

Patoka  River  Basin,  Indiana,  Appendix  A.  - Hydrology,  September  1962 
and  Appendix  B - Ellsworth  Reservoir  Studies,  January  1963."  The 
dam  and  reservoir  referred  to  as  Ellsworth  by  I.F.C.  & W.R.C.  is 
the  Patoka  Reservoir  of  the  Corps  of  Engineers.  Where  available  the 
hydrology  and  hydraulic  data,  computations,  and  results,  which  had 
already  been  developed  by  that  agency,  were  utilized  in  the  present 
report.  However,  before  this  work  was  used  it  was  reviewed  by  the 
Corps  of  Engineers.  Special  mention  is  made  of  the  natural  flow 
and  stage  frequency  determinations  on  the  Patoka  River  by  the  I.F.C. 

& W.R.C.  which  differs  frcm  the  Corps  of  Engineers  methods.  The 
I.F.C.  Sc  W.R.C.  frequency  determinations  were  considered  adequate 

for  the  purpose  of  this  report  (survey  scope).  It  is  to  be  emphasized 
that  when  advanced  planning  studies  are  made  the  flow-frequency  curves 
on  Patoka  River  should  be  revised  according  to  ER  1110-2-1450 
10  October  1962.  The  methods  used  by  I.F.C.  & W.R.C.  in  the  frequency 
determination  submitted  in  this  report  are  given  in  paragraph  91* 

b.  DESCRIPTION.  The  dam  of  Patoka  Reservoir  is  located  on 
Patoka  River,  118.3  miles  above  its  mouth,  212.9  miles  above  the 
mouth  of  Wabash  River,  and  about  0.7  mile  northeast  of  Ellsworth  in 
Dubois  County,  Indiana.  The  drainage  area  above  the  dam  is  168  square 
miles  or  0.5  percent  of  the  area  of  the  Wabash  River  Basin.  The  res- 
ervoir controls  64  percent  of  the  drainage  area  above  the  damage  point 
at  Jasper,  Indiana.  The  reservoir  control  of  the  drainage  area  above 
the  damage  point  of  Mt.  Carmel,  Illinois,  is  increased  from  10. 5 per- 
cent to  11.2  percent  by  the  addition  of  Patoka  Reservoir  over  that  of 
the  total  of  Huntington  Reservoir  (advance  planning),  Salamonie 
Reservoir,  Mississinewa  Reservoir  (each  under  construction),  Mansfield 
Reservoir,  Cagles  Mill  Reservoir,  and  Monroe  Reservoir  (under  con- 
struction) . 

67.  FLOW  AT  DAM  SITE. 

Flow  from  January  1944  through  September  1961  at  the  Patoka 
Reservoir  dam  site  was  established  by  application  of  drainage  area 
proportion  to  discharge  of  the  Patoka  River  station  at  Jasper, 

Indiana.  For  periods  earlier  than  January  1944,  flows  at  the  dam 
site  were  determined  by  use  of  ’unit  hydrograph. 

68.  UNIT  HYDROGRAPH  OF  PATOKA  RIVER  AT  JASPER,  INDIANA. 

The  Fatoka  River  gaging  station  at  (Indiana  State  Highway  No.  164 
bridge)  Jasper,  Indiana,  which  was  established  in  November  1947  and 
since  September  1956  used  as  a supplementary  gage,  defines  the  regimen 
of  natural  runoff  effective  at  a po?nt  86  miles  upstream  from  the  mouth 
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of  I&toka  River,  where  the  drainage  area  is  27^  square  miles.  From 
basic  data  established  at  the  gaging  point,  four  unit  hydrographs  of 
6-hour  duration  of  rainfall-excess  were  developed.  The  unit  hydro- 
graphs, together  with  the  average  6-hour  unit  hydrograph  (designated  A) 
and  adjusted  developed  unit  hydrograph  (designated  B),  are  shovn  on 
plate  D-36.  Snyder's  empirical  unit  hydrograph  coefficients,  based 
on  average  unit  hydrograph  (a)  and  adjusted  developed  unit  hydrographs 


the  Patoka  River  gage 

at  Jasper,  are  as  follows: 

Factor  Symbol 

Unit  Graph  A 

Unit  Graph  B 

L (miles) 

78 

-4 

CD 

Lca  (miles) 

38 

38 

aw  °*3 

11.0 

11.0 

tp  (hours) 

6 

6 

tpR  (hours ) 

81 

63 

Factor  Symbol 

Unit  Graph  A 

Unit  Graph  B 

tp  (hours) 

83 

64 

ct  = V 

°-3 

7.54 

5.35 

q^R  (c.f .s./sq.mi. ) 

6.02 

7.66 

QpR  (c.f.s.) 

1,650 

2,100 

Cp  640 

488 

483 

CP 

0.762 

0.755 

V/5q(  hours ) 

98 

69 

Xlrj^  (hours) 

57 

42 

T (hours ) 

234 

246 

69.  UNIT  H1DRCGRAPH  AT  DAM  SITE 

• 

Because  of  the  proximity  of  the  dam  site  to  the  gaging  station, 
Patoka  River  near  Ellsworth,  Indiana,  the  difference  in  drainage  area 
is  some  4 square  miles.  The  dam  site  unit  hydrograph  was  assumed  to 
he  the  same  as  the  Ellsworth  unit  hydrograph.  The  6-hcur  unit  hydro- 
graph is  shown  on  plate  D-37. 

70.  TAILWATER  RATING  CURVES. 

Tailwater  curves  for  the  outlet  works  at  mile  118.0  and  for  the 
spillway  at  mile  118.0  were  developed.  By  using  data  from  a prelimi- 
nary stage-discharge  relation  curve  at  the  gage  near  Ellsworth  and 
from  three  known  water  surface  profiles  and  discharges,  several  other 
water  surface  profiles  were  developed  in  the  reach  from  the  Ellsworth 
gage  to  the  dam  site.  The  profiles,  compiited  on  electronic  computer, 
were  for  flows  ranging  from  low  water  to  major  floods  and  data  there- 
from was  used  in  plotting  the  tailwater  curves  as  shown  on  plate  D-38. 

71.  CHANNEL  CAPACITY. 

Maximum  controlled  reservoir  releases  are  based  on  a study  of 
approximate  capacity  of  existing  channel  of  Patoka  River  at  Jasper 
and  at  the  Ellsworth  gage  some  2.2  miles  below  the  dam  site.  Stage- 
damage  and  stage-discharge  data  at  Jasper  indicate  that  the  discharge 
equivalent  of  flood  stage  under  present  conditions  is  about  2,400 
cubic  feet  per  second,  and  the  preliminary  stage-discharge  relation 
for  the  Ellsworth  gage  indicates  a bank-full  capacity  of  approximately 
1,500  cubic  feet  per  second  was  adopted  as  the  maximum  allowable  con- 
trolled reservoir  release. 
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72.  AREA  AMD  CAPACITY  OF  RESERVOIR. 


1 


Area  and  capacity  determinations  for  Patoka  Reservoir  is  based 
on  U.  S.  Geological  Survey  maps  which  have  a scale  of  1:24CC0  and  con- 
tour interval  of  10  feet.  The  volume  of  reservoir  capacity  shown  in 
table  21  was  determined  by  Indiana  Flood  Control  and  Water  Resources 
Commission  using  planimetered  horizontal  areas,  and  accepted  by  this 
office.  The  capacity  in  inches  runoff  from  the  drainage  area  is  based 
on  an  area  of  168  square  miles. 


73.  MINIMUM  PCOL. 

Minimum  pool  was  established  at  elevation  5C6.0  to  satisfy  the  re- 
quirements of  recreation,  wildlife  and  siltation.  Pool  elevation  5C6 
provided  for  an  area  of  2,010  acres,  corresponding  to  a volume  of  13,200 
acre-feet,  an  equivalent  of  1.47  inch  runoff  for  the  drainage  area. 

Based  on  sedimentation  records,  it  is  estimated  that  about  100  acre- feet 
of  storage  will  be  lost  annually,  and,  thus  in  about  130  years  the 
storage  presently  available  at  pool  elevation  506  will  be  filled  by  silt. 
The  annual  loss  represents  about  0.7  percent  of  the  storage  capacity 
available  at  minimum  pool. 


73a.  WATER  SUPPLY  AND  WATER  QUALITY  STORAGE. 

A storage  of  167,300  acre-feet  between  minimum  pool  elevation 
506.0  and  top  of  conservation  pool  elevation  533*0  at  Patoka  Reservoir 
is  to  be  used  to  provide  firm  regulated  flow  for  water  supply  and  water 
quality  downstream.  Water  yield  studies  at  Jasper,  Indiana  indicate 
that  the  use  of  167,800  acre-feet  storage  from  Patoka  Reservoir  in  the 
critical  low  flow  period  (1952-1956)  will  produce  a firm  flow  of  198 
cubic  feet  per  second  without  allowance  for  evaporation.  Of  this 
amount  68  cubic  feet  per  second  will  be  applied  for  water  quality 
and  130  cubic  feet  per  second  for  water  supply,  both  on  an  all-season 
basis. 
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TABLE  21 


AREA  AND  CAPACITY 

PATOICA  RESERVOIR,  PATOICA  RIVER,  INDIANA 
MILE  113.30 


Storage  Capacity 


Elev. 

(ft. 

n.s.l. ) 

Area 
(acres ) 

(acre- 

feet) 

(inches  on 
drainage 
area) 

480 

0 

0 

0 

482 

7 

7 

0 

484 

17 

30 

0 

486 

33 

80 

0.01 

488 

55 

167 

0.02 

490 

85 

306 

0.03 

492 

135 

521 

0.C6 

494 

260 

903 

0.10 

496 

435 

1,590 

0.18 

498 

685 

2,710 

0.30 

500 

985 

4,380 

0.49 

502 

1,280 

6,650 

0.74 

504 

1,640 

9,570 

1.07 

5C6 

2,010 

13,200 

1.47 

508 

2,440 

17,600 

1.97 

510 

2,880 

23,000 

2.56 

512 

3,380 

29,200 

3.26 

514 

3,910 

36,500 

4.07 

516 

4,460 

44,900 

5.01 

518 

4,980 

54,300 

6. 06 

520 

5,480 

64,800 

7.23 

522 

5,960 

76,300 

8.51 

524 

6,410 

88,600 

9.89 

526 

6,860 

102,000 

11.4 

528 

7,280 

116,000 

13.0 

530 

7,680 

131,000 

14.6 

532 

8,080 

147,000 

16.4 

534 

8,480 

163,000 

18.2 

536 

8,880 

181,000 

20.2 

538 

9,280 

199,000 

22.2 

540 

9,680 

218, COO 

24.3 

542 

10,100 

238, OCO 

26.5 

544 

10,500 

258,000 

28. S 

546 

10,900 

280, OCO 

31.2 

548 

11,300 

302,000 

33.7 

550 

11,800 

325,000 

36.2 

552 

12,200 

349,000 

38.9 

554 

12,700 

374,000 

41.7 

556 

13,100 

399,000 

44.6 

558 

13,600 

426,000 

47.6 

560 

14,000 

454,000 

50.6 
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TABIE  21 
(Cont'd) 


Storage  Capacity 


Elev. 

(ft. 

m.s.l. ) 

Area 
(acres ) 

(acre- 

feet) 

(inches  on 
drainage 
area) 

562 

14,500 

482,000 

53.8 

564 

14,900 

512,000 

57.1 

566 

15,400 

542,000 

60.5 

568 

15,800 

573,000 

63.9 

570 

16,300 

605,000 

67.5 

D.A.  = 168  sq.  mi.  = 108,000  acres 

1"  over  D.A.  = 8,960  acre-feet 


Note : Numbers  have  been  rounded 

to  three  significant  figure". 


74.  RESERVOIR  STORAGE  FOR  FLOOD  CONTROL. 


The  Standard  Project  Flood  was  established  in  accordance  with 
Civil  Engineer  Bulletin  No.  52-8,  dated  26  March  1952,  and  has  a volume 
of  131,263  acre-feet  which  is  equivalent  to  14.65  inches  runoff.  The 
spillway  crest  was  established  at  elevation  550.0  with  a total  storage 
of  324,800  acre-feet  equal  to  36.25  inches  runoff.  The  flood  control 
storage  below  pool  elevation  550.0  and  above  top  of  conservation  pool 
(elevation  536.0)  is  144,100  acre-feet  which  is  equivalent  to  a runoff 
of  16.08  inches, 

75.  RESERVOIR  REGULATION  PLAN. 

The  regulation  table,  which  gives  allowable  releases  to  ir.eet  flood 
control  requirements  downstream  from  Patoka  Reservoir,  is  based  on 
critical  channel  capacity  of  1,500  cubic  feet  per  second  at  the  Ellsworth 
gage,  and  damaging  stages  at  Evansville,  Indiana,  on  the  Ohio  River, 

Mt.  Carmel,  Illinois,  on  the  Wabash  River,  or  at  Frinceton  or  Jasper, 
Indiana,  on  the  Patoka  River.  Whenever  the  reservoir  pool  reaches  ele- 
vation 550,  the  downstream  control  stations  are  no  longer  considered, 
and  inflows  up  to  a rate  of  1,500  cubic  feet  per  second  are  released 
through  conduit  and  spillway.  If  the  pool  crests  in  the  elevation  range 
of  550  to  551  gate  openings  are  maintained  until  pool  recedes  to  spill- 
way crest  elevation  550.  If  the  pool  reaches  elevation  551,  the  conduit 
gates  are  closed  until  pool  recedes  to  spillway  crest  elevation  550,  and 
thereafter  the  discharge  is  determined  by  downstream  limitations  or  the 
Maximum  Release  rates  in  table  22.  In  the  plan  of  conservation  pool 
regulation,  the  reservoir  pool  will  be  maintained  as  near  elevation  536 
as  possible  while  supplementing  downstream  flows  as  necessary.  However, 
the  rate  cf  release  of  inflows  will  not  exceed  1, 5C0  cubic  feet  per 
second  nor  will  the  minimum  release  be  less  than  25  cubic  feet  per 
second.  In  addition,  reservoir  regulation  is  based  on  river  conditions 
at  damage  centers  at  Evansville,  Mt.  Carmel,  Princeton  and  Jasper.  Con- 
trolling stage  at  the  U.  S.  '.'feather  Bureau  gage,  Evansville,  is  37  feet; 
at  U.  S.  Weather  Bureau  gage,  Mt.  Carmel,  is  18  feet,  at  U.  S.  Geological 
Survey  gage,  Princeton,  is  9 feet  and  at  U.  S.  Geological  Survey,  Jasper, 
is  2 feet  or  2,4C0  cubic  feet  per  second.  The  controlling  stages  are 
based  on  the  beginning  of  damage  for  reaches  of  the  streams  represented 
by  the  gages  with  due  allowance  for  time  of  travel  from  Patoka  Reservoir 
to  the  damage  points.  Table  22  "Schedule  for  Regulation  for  Flood  Con- 
trol and  Low  Flow  Regulation"  gives  the  details  of  procedure  for  regula- 
tion. 

76.  UTILIZATK )N  OF  FLOOD  CONTROL  STORAGE. 

Regulation  of  the  reservoir  so  as  to  store  excess  runoff  of  twenty- 
nine  flood  periods  extending  from  1944  through  September  1961  indicates 
that  the  highest  reservoir  pool  attained  was  elevation  550.17  which 
occurred  during  the  1950  flood  period.  This  reservoir  pool  elevation 
represents  utilization  of  all  of  the  flood  control  storage  at  spillway 
crest.  Table  23  shows  results  of  the  reservoir  regulation  studies. 
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TABLE  23 


FLOOD  CONTROL  STORAGE  UTILIZATION  DATA 
PATCKA  RESERVOIR 


Maximum 


Period  of  Storage 


Reservoir 

Pool 

Eleva- 


Flood  Con- 
trol Storage 
Utilised-* 


Beginning 

Ending 

Dura- 

tion 

(days) 

Date 

tion 
(ft., 
m.s.l. ) 

(1,000 

acre- 

feet) 

( percent) 

24 

Mar 

44 

5 

Apr 

44 

13 

Apr  1 

537.0 

8.98 

6.2 

10 

Apr 

44 

25 

May 

44 

46 

May  10 

540.3 

39.63 

27.5 

3 

Mar 

45 

3 

Jul 

45 

123 

Apr  25 

546.9 

103.96 

75.7 

30 

Sep 

45 

19 

Oct 

45 

20 

Cct  11 

537.9 

17.34 

12.0 

29 

Nov 

45 

5 

Dec 

45 

7 

Dec  3 

536.3 

2.88 

2.0 

27 

Dee 

45 

28 

Jan 

46 

33 

Jan  20 

538.2 

19.86 

13.8 

12 

Feb 

46 

16 

Mar 

46 

33 

Mar  6 

533.6 

24.13 

16.3 

1 

May 

46 

20 

Jun 

46 

51 

Jun  10 

533.9 

26.90 

18.7 

6 

Apr 

47 

2 

Jun 

47 

58 

May  11 

540.8 

*5.26 

31.4 

12 

Apr 

48 

10 

May 

48 

29 

Apr  22 

538.3 

25.77 

17.9 

2 

Jan 

49 

4 

Jun 

49 

154 

Apr  11 

549.4 

137.70 

98,0 

2 

Jan 

50 

27 

Jun 

50 

177 

Anr  9 

550.17 

146.10 

100.0 

26 

Nov 

50 

23 

Dec 

50 

33 

Dec  17 

538.4 

21.46 

14.9 

5 

Jan 

51 

22 

Jun 

51 

169 

Apr  22-May  5 

550.0 

146.10 

100.0 

11 

Dec 

51 

13 

May 

52 

155 

Apr  10 

544.4 

81.29 

56.4 

16 

Hay 

53 

3 

Jun 

53 

19 

May  26 

537.1 

9.63 

6.7 

12 

Feb 

56 

25 

May 

56 

102 

Mar  28 

543.2 

69.17 

48.0 

7 

Apr 

57 

7 

May 

57 

30 

Aor  28 

538.4 

21.92 

15.2 

22 

May 

57 

20 

Jul 

57 

59 

Jun  18 

540.8 

44.97 

31.2 

3 

Dec 

57 

13 

Feb 

53 

72 

Jan  5 

541.5 

51.92 

36.0 

24 

Mar 

53 

14 

Apr 

53 

30 

Apr  7 

537.3 

11.74 

3.1 

1 

May 

53 

2 

Jun 

53 

32 

May  16-23 

539.0 

27.56 

19.1 

19 

Jul 

58 

23 

Aug 

58 

35 

Aug  7 

539.2 

29.47 

20.4 

20 

Jan 

59 

6 

A or 

59 

76 

Mar  4 

543.7 

74.36 

51.6 

13 

Feb 

60 

20 

Feb 

60 

7 

Feb  18 

536.4 

3.59 

2.5 

21 

Mar 

60 

11 

Apr 

60 

21 

Apr  6 

537.3 

11.74 

8.1 

30 

Jun 

60 

3 

Jul 

60 

9 

Jul  4 

536.7 

6.29 

4.4 

23 

Mar 

61 

10 

Apr 

61 

19 

Mar  2 3 -Apr  7 

536.8 

7.19 

5,0 

15 

Apr 

61 

10 

Jul 

61 

87 

May  23 

545.9 

97.77 

67.3 

* Low  flow  regulation  pool  - Elevation  536,  capacity  130,700  acre-feet. 

Spillway  crest  - Elevation  550,  capacity  324,800  acre-feet. 

Flood  control  storage  - 144,100  acre-feet  or  16.08  inches  runoff  Ircm 

163  square  mile' drainage  area. 
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TABLE  24 


STANDARD  PROJECT  STORM 
RAINFALL  AND  RAINFALL  EXCESS 
ABOVE 

PATCKA  DAM  SITE 


Hours  After 
Beginning 
of  Rainfall 


6-Hour  Infiltration  Rainfall 

Rainfall  Loss  Excess 

(inches)  (inches)  (inches ) 


0-6 

0.02 

6-12 

0.05 

12-18 

0.22 

18-24 

0.03 

24-30 

0.12 

30-36 

0.30 

36-42 

1.40 

42-48 

0.19 

48-54 

0.80 

54-6  0 

1.96 

60-66 

9.14 

66-72 

1.23 

72-78 

0.04 

78-84 

0.11 

84-90 

0.50 

90-96 

0.07 

Totals 

16.13 

0.02 

0 

0,05 

0 

0.13 

0.C9 

0.03 

0 

0.12 

0 

0.12 

0.18 

0.12 

1.28 

0.12 

0.07 

0.12 

0.68 

0.12 

1.84 

0.12 

9.02 

0.12 

1.11 

0.04 

0 

0.11 

0 

0.12 

0.33 

0.07 

0 

1.53 


14.65 


77.  STANDARD  PROJECT  STORM, 


The  Standard  Project  Storm,  determined  by  the  method  outlined  in 
Civil  Engineer  Bulletin  No.  52-8,  Corps  of  Engineers,  dated  March  26, 
1952,  has  a volume  which  is  equivalent  to  16,18  inches  rainfall  and 
14.65  inches  runoff  and  is  shown  by  6-hour  rainfall  amounts  in  table  24. 
The  Standard  Project  Storm  Isohyetal  Pattern  was  superimposed  over  the 
Patoka  Reservoir  drainage  basin  to  obtain  maximum  rainfall  as  shewn  on 
plate  D-39.  To  obtain  the  rainfall-excess  amounts,  the  storm  was  modi- 
fied by  an  initial  loss  of  0.20  inch  ar.d  an  infiltration  rate  of  0.02 
inch  per  hour.  The  infiltration  and  rainfall-excess  amounts  are  also 
shown  on  table  24. 

78.  STANDARD  PROJECT  FLOOD. 

The  Standard  Project  Storm  rainfall-excess  was  applied  to  the 
Ellsworth  natural  unit  hydrograph  B,  plate  D-37,  and  an  assumed  base 
flow  was  added.  The  resulting  hydrograph  was  routed  through  the  reser- 
voir in  accordance  with  the  schedule  of  regulation  presented  in  table 
22  assuming  the  reservoir  at  conservation  pool  elevation  536  and  the 
downstream  control  stations  all  above  flood  stage  at  the  start  of  the 
Standard  Project  Storm.  Outflow  was  regulated  to  maintain  100  cubic 
feet  per  second  discharge  and  the  remainder  of  the  inflow  was  stored. 

The  reservoir  pool  crested  at  elevation  549.4,  which  is  0.6  foot  below 
spillway  crest.  Inflow,  outflow,  and  pool  elevation  hydrographs  are 
shown  on  plate  D-40. 

79.  OUTLET  WORKS. 

The  outlet  works  consist  of  regulating  discharge  structures  and  a 
stilling  basin.  It  is  desirable  to  select  a size  of  conduit  such  that 
a discharge  of  critical  bankfull  (1,500  c.f.s.)  will  obtain  at  or  near 
minimum  reservoir  pool  stage.  A 9-foot  diameter  circular  conduit,  which 
is  estimated  to  have  a discharge  of  about  1,350  cubic  feet  per  second 
at  pool  elevation  506  and  2,640  cubic  feet  per  second  at  pool  elevation 
550,  was  adopted.  The  conduit  is  located  near  the  right  abutment  of  the 
dam.  Three  rectangular  gates,  each  3.75  feet  wide  by  7.25  feet  high, 
are  provided  to  regulate  flow  in  the  conduit.  The  invert  of  the  con- 
duit at  exit  is  at  elevation  479.2.  The  conduit  of  63.6  square  feet 
cross-sectional  area  have  a longitudinal  slope  of  0.217  percent. 

Plate  D-41  gives  the  discharge  rating  of  the  9- foot  conduit.  The 
stilling  basin  from  the  downstream  end  of  conduit  is  designed  on  the 
basis  of  a reservoir  outflow  of  1,500  cubic  feet  per  second.  Pool 
elevation  550.0  was  adopted  as  the  critical  stage  for  stilling  basin 
design  rather  than  a higher  pool  because  the  backwater  effect  from 
spillway  discharge  entering  the  stream  channel  downstream  from  the 
stilling  basin  will  afford  a water  cushion  for  discharge  coming  from 
the  outlet  works.  The  discharge  of  1,500  cubic  feet  per  second  at  pool 
elevation  550.0  is  accomplished  by  opening  two  gates  3.4  feet  each. 

V/ith  discharge  control  at  the  gates,  a depth  of  5.4  feet  will  result 
at  the  conduit  exit  v/ith  an  average  velocity  of  37.6  feet  per  second. 
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Due  to  the  low  existing  rock  elevation  of  475,  there  is  r.o  parabolic 
vertical  transition  from  exit  of  conduit  to  the  stilling  .. 

flat  grade,  extending  from  conduit  exit  to  end  sill,  was  used.  Detail'- 
of  stilling  basin  are  shown  on  plates  D-42  and  D-4 9.  The  tailwater 
level  corresponding  to  a flow  of  1,500  cubic  feet  per  second  is  esti- 
mated to  be  at  elevation  492.0,  The  jump-height,  to  satisfy  the  momen- 
ta.. .quation,  brood  or.  a width  of  20  feet  and  a floor  elevation  of 
479.2  is  computed  to  be  at  elevation  492.0.  The  length  of  the  still- 
ing basin  was  established  at  98.5  feet  which  is  about  9.0  times  the 
design  jump-height  (12.84  feet).  The  retreat  channel  which  connects 
the  stilling  basin  with  the  natural  stream  is  about  1,450  feet  in 
length.  The  bottom  of  the  channel  is  20  feet  in  width  and  side  slopes 
are  1 on  9.  The  retreat  channel  bottom  will  have  a longitudinal  slope 
of  about  0.2  percent  from  the  notch  in  end  sill  where  its  elevation  is 
479.2  to  the  confluence  with  the  natural  stream  at  mile  118.0  where  its 
elevation  is  475.5  feet.  The  maximum  velocity  in  the  channel  for  flows 
up  to  1,500  cubic  feet  per  second  is  estimated  to  be  less  than  seven 
feet  per  second.  Since  the  retreat  channel  is  excavated  in  earth,  rip- 
rap will  be  placed  for  100  feet  downstream  from  the  end  sill  of  the 
stilling  basin  in  order  to  prevent  erosion  of  channel. 

80.  SPILLWAY. 

The  600-foot  open-cut  spillway  is  2,900  feet  northeast  of  the 
right  abutment  of  the  dam.  Eoth  the  approach  and  retreat  channels 
will  be  cut  in  rock.  Side  slopes  are  assumed  to  be  4 vertical  to 
1 horizontal  in  rock  and  1 vertical  to  9 horizontal  in  earth. 
Longitudinal  slopes  of  the  approach  ar.d  retreat  channels  are  assumed 
to  be  0.5  and  1.5  percent,  respectively,  both  downward  from  the  crest 
at  elevation  550.  Lengths  of  the  approach  and  retreat  channels  are 
about  225  and  950  feet,  measured  upstream  and  downstream,  respectively, 
from  the  crest.  The  discharge  rating  of  the  spillway  is  based  on 
- critical  flow  conditions  at  the  control  section  by  meai  s of  the  cri- 

' tical  flow  formula: 

Q = A (hp  1/2 

where : 

A = area  in  square  feet 
g = acceleration  of  gravity 
T = top  width  of  section  in  feet 
Q = discharge  in  cubic  feet  per  second 


The  spillway  rating  curve  for  reservoir  poo^.  elevation  was  derived 
by  accounting  for  friction  losses  between  the  control  section  and 


the  entrance  to  the  spillway  ar.d  for  the  spillway  entrance  loss.  Thc- 
u trill  wav  rat-frr  curve  for  reservoir  nonl  elevatior  for  swill  wavs  with 


8l.  SELECTION  OF  PROBABLE  MAXIMUM  STORM. 

The  basis  of  seasonal  variations  of  the  probable  maximum  rain- 
fall are  shown  in  paragraph  4 and  depth  values  are  given  in  table  1. 
The  seasonal  storm  for  spillway  design  is  that  storm  runoff  which, 
when  routed  through  the  spillway,  will  produce  the  maximum  reservoir 
pool  stage  when  the  reservoir  pool  elevation  at  the  beginning  of  the 
spillway  design  flood  is  the  maximum  pool  for  the  same  season  obtained 
from  routings  made  according  to  the  Reservoir  Regulation  Plan.  Rout- 
ing made  since  1944  indicated  the  following  maximum  starting  pool 
elevations  by  months  and  the  corresponding  probable  maximum  rainfalls. 


Maximum  reservoir 


Month 

pool  elevation 
at  start  of 
spillway  flood 
(Ft.  m.s.l. ) 

Probable 
maximum 
precipitation 
( inches ) 

April 

550.0 

18.6 

May 

550.0 

22.0 

June 

545.0 

25.4 

All-Season 

539.5 

28.8 

On  the  basis  of  preliminary  routings  for  Patoka  Reservoir  it 
was  determined  that  the  most  critical  combination  of  starting  pool 
elevation  and  probably  maximum  storm  runoff  would  occur  in  May. 
Paragraphs  82  through  89  give  the  results  of  spillway  determination 
and  the  spillway  routings. 

82.  RUNOFF  OF  PROBABLE  MAXIMUM  STORM. 

Based  on  studies  of  infiltration  during  late  spring  and  summer, 
a minimum  rate  of  0.02  inch  per  hour  was  selected.  Initial  loss  was 
assumed  to  be  0.20  inch.  Three  hour  ordinates  of  the  May  envelope 
of  the  probable  maximum  storm  were  arranged  in  the  sequence  which 
would  produce  maximum  peak  discharge  in  the  design  flood  hydrograph. 
Table  25  shows  the  distribution  of  rainfall,  infiltration  and  rain- 
fall excess  by  three-hour  periods. 
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TABLE  25 


PRORABLE  MAXIMUM 
LAY  DISTRIBUTION  FOR 
SPILLWAY  DESIGN  FLOOD 
PATOKA  RESERVOIR 
LAY  STORE! 


3 -Hour 

Infiltration 

Rainfall 

3 -Hour 

Rainfall 

Loss 

Excess 

Period 

( inches ) 

( inches ) 

f inches ) 

0-3 

.40 

.20 

.20 

3-6 

.43 

.06 

.37 

6-9 

.45 

.06 

.39 

9-12 

.46 

.06 

.40 

12-15 

.47 

.06 

.41 

15-18 

.47 

.06 

.41 

18-21 

.43 

.06 

.42 

21-24 

.51 

.06 

.45 

24-27 

.54 

.06 

.48 

27-30 

.57 

.06 

.51 

80-33 

, 60 

.06 

.54 

33-36 

.63 

.06 

.57 

36-39 

1.02 

.06 

.96 

89-42 

1.59 

.06 

1.53 

42-45 

9.50 

.06 

9.44 

45-43 

3.91 

.06 

3.35 

22.03  1.10  20.93 
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83.  INFLO',7  UTIIT  HXDKOGRAPHS. 

The  inflow  unit  hydrographs  developed  for  spillway  design  were 
based  on  an  average  pool  level  above  elevation  550,  which  is  believed 
to  provide  sequence  of  inflow  likely  to  occur  during  the  spillway  floods. 
The  reservoir  drainage  area  was  subdivided  into  the  following  areas : 

(1)  The  area  above  the  head  of  reservoir,  80.1  square  miles; 

(2)  Areas  adjacent  to  the  reservoir  surface  totaling  69.5 
square  miles ; 

(3)  Reservoir  surface  area  18.4  square  miles. 

. 

Regimen  of  flood  runoff  is  defined  by  inflow  unit  hydrographs 
developed  for  runoff  originating  above  head  of  the  reservoir  pool 
and  from  runoff  contributing  to  the  pool  from  individual  areas  along 
its  periphery. 


TABLE  26 


r 


UNIT  HYDROGRAPHS 
FOR 

HEAD  OF  RESERVOIR  TOTAL  AREA 
PATOICA  RESERVOIR 

Sub-Area  1,  Drainage  Area  80.1  sq.  mi.,  tp  = 6 Hours 


GRAPH  1-A GRAPH  1-B  GRAPH  1-C 

Unit  Hydrograph  1-A 

Unit  Bydrcgraphs  la+lb+lc+ld+le  Qpr  = 6,609  cfs  Qpr  = 7,931  cfs 

Hours  Qpr  = 5,287  cfs,  tpr  = 7.0  Hrs.  tpr  = 5.6  Hrs..  tpr  = 4.7  Hrs. 


0 

0 

0 

0 

o 

2,628 

3,600 

5,675 

6 

5,034 

6,500 

6,350 

9 

3,943 

3,500 

2,970 

12 

2,432 

1,890 

1,480 

15 

1,334 

925 

550 

18 

694 

4C0 

160 

21 

412 

215 

50 

24 

266 

120 

0 

27 

182 

50 

30 

128 

25 

33 

88 

10 

36 

55 

0 

39 

30 

42 

12 

45 

2 

48 

0 
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34.  UNIT  HYDRCGFAPH  FOR  BASIN  ABOVE  IE/ D OF  PE'REErR. 

Area  above  the  head  of  reservoir,  80.1  square  miles,  was  divided 
into  five  sub-areas  designated  1-a,  representing  drainage  from  30.3 
square  miles  of  Main  Stem  Patoka  River  above  head  of  reservoir  pool; 
1-b,  representing  drainage  from  6.3  square  miles  of  Dillard  Creek; 

1— c , representing  drainage  from  8.7  square  miles  of  Hogs  Defeat 
Creek;  i-d,  representing  drainage  from  7.9  square  miles  of  Youngs 
Creek,  and  1-e,  representing  drainage  from  26.4  square  miles  of  eight 
small  tributaries.  Unit  hydrographs  for  these  areas  were  developed 
by  synthetic  method,  due  to  the  absence  of  observed  flow  records. 

Unit  hydrograph  values  thus  derived  were  for  peak  discharge,  time  of 
peak,  the  discharge  at  twice  the  time  of  peak  and  base  time.  These 
values  were  related  to  slope  of  the  valley  and  size  of  the  drainage 
area  for  the  condition  of  uniform  distribution  of  rainfall.  These 
basic  1-hour  unit  hydrographs  were  converted  to  6-hour  unit  hydrograph 
and  the  3-hour  average  values  were  determined.  The  3-hour  average 
ordinates  of  the  five  6-hour  unit  hydrographs  we re  combined  to  obtain 
a total  inflow  unit  hydrograph  1-A  shown  in  table  26,  for  the  80.1 
square  mile  area  above  the  head  of  the  reservoir.  Since  storms  of  a 
magnitude  approaching  the  probable  maximum  produce  peak  discharges  of 
the  unit  hydrograph  that  are  consistently  higher  than  those  computed 
from  records  of  minor  floods,  the  peak  of  hydrograph  1-A  was  increased 
arbitrarily  by  25  and  50  percent.  Thus  hydrographs  1-B  and  1-C  each 
having  the  same  volume  as  hydrograph  1-A  but  of  different  degrees  of 
concentration  for  the  total  area  at  the  head  of  Patoka  Reservoir  were 
developed  and  are  shown  in  table  26.  Pertinent  unit  hydrograph  data 
relative  to  the  sub-area  1,  including  3-hour  average  values  of  6-hour 
hydrograph, is  shown  on  table  26. 

85.  UNIT  HYDRCGRAPH5  FOR  AREAS  ADJACENT  TO  RESERVOIR  SURFACE. 

Area  2 was  divided  into  numerous  minor  areas  approximately  1.5 
square  miles  each  and  aggregating  69.5  square  miles,  adjacent  to  the 
reservoir  pool.  A single  composite  unit  hydrograph  for  the  69.5 
square  miles  of  area,  based  on  a unit  hydrograph  of  a 1.5  square  mile 
drainage  area,  was  developed  using  the  synthetic  method  described  in 
preceding  paragraph.  The  resultant  3-hour  average  values  of  the  6- 
hour  unit  hydrograph  are  shown  in  table  27. 

TABLE  27 

TOTAL  UNIT  HYDRCGRAPH 
FOR  AREAS  ADJACENT  RESERVOIR  PCOL 
PATOKA  RESERVOIR 

Time  in  Hours  Discharge  c.f.s, 

0 

5.924 
7.352 
1.552 
124 

0 


0 

3 

6 

9 

12 

15 
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86.  RUNOFF  FOR  RESERVOIR  FOOL  AREA 


Since  the  rate  of  runoff  for  the  surface  of  the  reservoir  pool 
is  equal  to  the  rate  of  rainfall,  one  inch  of  rainfall  in  six  hours 
over  18.4  square  miles  of  pool  area,  represents  a uniform  inflow 
of  1.976  cubic  feet  per  second  from  area  3.  Accordingly,  for  a 
rainfall  of  1-inch  in  6 hours,  the  following  runoff  results: 


Time  in  hours 


Discharge  c.f.s. 


0 

3 

6 

0 


0 

1.976 

1.976 

0 


87.  SPILLV.'AY  FLOODS . 

Since  the  volume  and  time  and  degree  of  concentration  of  runoff 
into  the  reservoir  cannot  be  ascertained  with  a high  order  of  accuracy, 
it  is  desirable  to  estimate  the  extent  of  variations  in  maximum  reser- 
voir levels  that  vould  obtain  from  various  basic  assumptions  regarding 
runoff.  By  application  of  the  "rainfall-excess"  of  table  25  to  unit 
hydrographs  1-A  and  2,  plus  the  application  of  "rainfall"  from  the 
same  table  to  unit  graph  3,  the  basic  provisional  spill;, ay  flood, 
designated  hydrograph  A,  was  developed.  Hydrographs  of  design  storms 
that  reflect  greater  concentrations  of  runoff  than  that  indicated  for 
the  provisional  spillway  flood  were  developed  through  application  of 
unit  graphs  1-B  and  1-C,  respectively,  to  increments  of  rainfall- 
excess  covering  the  12-hour  period  of  greatest  intensity  and  substi- 
tuted in  proper  time  relation  for  the  corresponding  runoff  computed 
by  use  of  unit  graph  1-A.  Hydrographs  A,  B,  and  C shown  in  table  28 
were  developed  by  procedures  outlined  above.  Comparative  data,  show- 
ing maximum  reservoir  inflow  169, 0C0  c.f.s.  for  the  basic  provisional 
spillway  flood,  peak  flow  for  greater  concentration  of  runoff,  and 
other  characteristics,  are  presented  in  table  29. 


TADIE  23 


HYPOTHETICAL  HYDRCGRAPHS  CF  RUNOFF  FROM 
SPILLWAY  DESIGN  STORM 
PATOKA  RESERVOIR 


Inflo’7  Hydrographs 
3-Hour  Average  Values 
(cfs) 


(Hours ) 

A* 

B** 

C 

0 

3 

2,531 

2,531 

2,531 

6 

6,511 

6,511 

6,511 

9 

9,916 

9,916 

9,916 

12 

11,715 

11,715 

11,715 

15 

12,745 

12,745 

12,745 

18 

13,349 

13,349 

13,349 

21 

13,783 

13,783 

13,783 

24 

14,399 

14, 399 

14,399 

27 

15,252 

15,252 

15,252 

30 

16,202 

16,202 

16,202 

33 

17,194 

17,194 

17,194 

36 

18,559 

18,559 

18,559 

39 

23,541 

24,474 

26,466 

42 

41,952 

44,847 

47,878 

45 

121,259 

132,252 

151,102 

4 8 

166,258 

182,641 

188,010 

51 

105,726 

105,967 

99, 399 

54 

48,605 

40,875 

34,160 

57 

24,292 

17,705 

12,061 

60 

12,837 

8,045 

3,963 

63 

7,312 

3,970 

1,257 

66 

4,601 

2,163 

294 

69 

3,077 

1,037 

55 

72 

2,121 

469 

25 

75 

1 , 444 

199 

8 

73 

916 

39 

1 

81 

515 

- 

- 

84 

232 

37 

65 

90 

8 

93 

- 

* Basic  provisional  spillway  flood 
*■>'*  Adopted  as  spillway  design  flood 


A 
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TABLE  2? 


SPILLWAY  FLOCD  DATA 
PATOKA  RESERVOIR 


Des ignation 
of 

Hydrograph 

Volume 

of 

Runoff 

(inches) 

Maximum 
Instantaneous 
Peak 
Inflow 
(1,000  cfs ) 

Maximum 
Peak 
Inflow 
(cfs  per 
sa.mi. ) 

Peak 
Inflow 
— '•D.A. 
(cfs) 

Per  Cent 
of 

Basic 

Provisional 

Flood 

A * 

20.95 

166 

988 

12,802 

100.0 

1.25  A 

26.19 

2 OS 

1,238 

16,043 

125.0 

1.50  A 

31.43 

249 

1,482 

19,207 

150.0 

B *9* 

20.95 

183 

1,089 

14,112 

110.2 

C 

20.95 

189 

1,125 

14,586 

113.9 

Basic  provisional  spillv/ay  flood 
**  Adopted  as  spillv/ay  design  flood 


86.  RESULTS  OF  ROUTING  SPILLWAY  FLOODS. 

Assuming  the  reservoir  water  surface  at  initial  pool  elevation 
550-0  (spillway  crest),  spillway  floods  A,  1.25A,  1.5A,  B and  C were 
routed  through  the  combined  works  of  conduit  and  spillway.  All  in- 
flow less  than  1,500  c.f.s.  was  released  through  the  conduit  by  gate 
regulation.  When  inflow  exceeds  1,500  c.f.s.  and  elevation  551  is  to 
be  exceeded  release  only  1,500  c.f.s.  (spillway  + conduit)  until 
elevation  551  is  attained.  Above  elevation  551>  the  conduit  is  closed 
and  the  remainder  of  the  flood  is  routed  on  an  uncontrolled  basis  to 
a peak  reservoir  stage.  Discharge  rating  curves  for  conduit  and  spill- 
way are  shown  on  plates  D-4l  and  D-44,  respectively.  Plate  D-4-5  shows 
reservoir  elevation-inf low-outf low  curves,  resulting  from  flow  routings 
in  terms  of  basic  provisional  spillway  flood  volume  or  peak  (hydrograph 
A) . Points  on  curve  P were  computed  by  routing  hypothetical  hydrographs 
representing  the  same  volume  as  the  basic  provisional  spillv/ay  flood, 
but  with  higher  peak  rates  and  greater  concentration  of  runoff.  The 
quantitative  effect  of  possible  errors  in  estimating  the  critical 
regimen  of  runoff  from  the  probable  maximum  storm  are  determined  from 
curve  P.  In  contrast,  curve  V was  computed  by  routing  hypothetical 
hydrographs  representing  a direct  percentage  increase  in  all  ordinates 
of  the  basic  provisional  spillway  flood  hydrograph.  The  percentage 
increase  in  hydrograph  ordinates  is  equivalent  to  an  increase  in  volume 
of  the  design-storm  rainfall-excess  quantities  without  change  in  the 
assumed  regimen  of  runoff  as  reflected  by  the  unit  hydrograph  used  in 
developing  the  basic  provisional  spillway  flood  estimate.  A comparison 
of  the  slopes  of  curves  P and  V then  becomes  an  index  to  the  relative 
effects  of  possible  errors  in  estimating  the  critical  volume  and  regimen 
of  runoff. 

89.  SPILLWAY  DESIGN  FLOOD. 

After  giving  proper  consideration  to  the  results  of  procedures 
outlined  in  paragraphs  82  to  88  inclusive,  with  due  regard  for  the 
elements  of  safety  inherent  in  many  of  the  end  results,  it  was  decided 
to  adopt  hydrograph  B and  the  May  storm,  as  the  spillway  design  flood. 
Starting  with  spillway  crest  elevation  550>  the  spillway  design  flood, 
having  peak  inflow  of  183,000  c.f.s.  was  routed  through  the  combined 
works  (spillway  + conduit)  to  elevation  551  and  attained  maximum  pool 
elevation  559.6.  Inflov-outflov-pool  stage  hyurographs  are  shown  on 
plate  D-46.  The  spillway  design  flood  produced  a water  surface  eleva- 
tion 0.060  foot  higher  than  hydrograph  A and  0.10  foot  lower  than  that 
of  hydrograph  C. 

90.  FREEE0ARD  AND  ELEVATION  OF  TOP  OF  DAM. 

Freeboard  was  computed  by  Indiana  Flood  Control  and  Water  Resources 
Commission  in  accordance  with  procedures  outlined  in  memorandum 
entitled,  "Conference  on  Determination  of  Freeboard  Requirements  for 
the  McGee  Bend  Dam,  Angelina  River,  Texas."  Wind  data  ranging  from  25 
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to  60  miles  per  hour  were  converted  to  over-water  velocities  by 
multiplying  by  130  percent.  Application  of  the  above  data  as  it  per- 
tains to  riprapped  embankment  with  3 to  1 slope,  the  wave  run-up  for 
each  of  these  velocities  vas  then  computed.  Results  of  the  computa- 
tions shows  that  wave  run-up  plus  wind  set-up  range  from  1.5  feet  at 
a lake  velocity  of  32  miles  per  hour  to  4.2  feet  at  78  miles  per  horn-. 

A freeboard  of  3*0  feet,  however,  is  the  minimum  allowable  in  the 
determination  of  embankment  height.  The  maximum  water  surface  eleva- 
tion obtained  by  routing  the  spillway  design  flood  through  the  9-foot 
conduit  and  the  600-foot  spillway  is  559-6  feet.  The  addition  of  5-0 
feet  of  freeboard  results  in  elevation  564.6  feet.  The  adoption  of 
elevation  565-0  as  top  of  dam  provides  a freeboard  of  5-^  feet. 

91-  NATURAL  STAGE  - FREQUENCY  CURVES. 


As  stated  in  paragraph  66a,  Patolia  River  natural  flow-frequency 
curves  were  evaluated  by  the  Indiana  Flood  Control  and  Water  Resources 
Commission.  The  natural  flow-frequency  for  the  Jasper  and  Frinceton, 
Indiana  gages  on  Patoka  River  was  based  on  peak  annual  flood  series 
without  standard  deviation  adjustment  by  flow  volume  studies  and  for 
a zero  skew  coefficient.  The  frequency  curves  of  annual  events  com- 
puted on  the  basis  given  above  were  then  converted  to  a partial- 
duration  curve  by  use  of  average  criteria  derived  by  Walter  Langbein. 
These  criteria  are  based  on  the  assumption  that  there  are  a large 
number  of  flood  events  each  year  and  that  these  are  mutually  independ- 
ent. The  reference  material  for  the  frequency  curves  thus  determined 
are  found  in  "Statistical  Methods  in  Hydrology  by  Leo  R.  Eeard, 

January  1962."  The  Jasper  and  Princeton  natural  flow  frequency  curves 
are  shown  on  plates  D-47  and  D-48,  respectively.  Flow-frequency 
curves  were,  also,  estimated  for  gaging  stations  at  Winslow  and  near 
Ellsworth  which  were  established  in  June  1961.  The  flow- frequency 
curve  for  the  Winslow  Station  was  based  on  the  mean  annual  flood  flow 
given  in  open-file  report  of  U.  S.  Geological  Survey,  "Floods  ir. 
Indiana,  Magnitudes  and  Frequency,"  Indianapolis,  Indiana,  I960.  This 
value  of  the  mean  flood  flow  was  then  aujusted  by  ratio  of  mean  annual 
flood  flow  for  the  Princeton  Station  as  determined  by  Indiana  Flood 
Control  and  Water  Resources  Commission  to  that  as  given  in  the  U.  S. 
Geological  Survey  report.  The  adjustment  was  based  on  data  of  the 
Princeton  Station  since  it~  ■ characteristics  are  the  most  similar 
to  that  of  Jasper.  A frequency  curve  corresponding  to  maximum  annual 
flood  series  at  Winslow  was  computed  on  the  basis  that  magnitudes  of 
mean  annual  flood  at  Winslow  for  various  frequencies  are  in  the  same 
ratio  to  the  annual  flood  at  Winslow  as  are  the  magnitudes  of  common 
frequencies  at  Princeton  are  to  the  mean  annual  flood  at  Princeton. 

The  curve  of  maximum  annual  floods  was  then  c 'averted  to  that  of 
partial-duration  by  means  -f  the  Langbein  criteria.  The  flow  fre- 
quency curve  for  the  Ellsworth  Station  was  developed  by  similar 
methods  to  that  of  Winslow  with  Jasper  frequency  data  used  instead 
of  that  of  Princeton.  The-  flow-frequency  curve  for  Mt.  Carmel, 
Illinois  was  developed  as  indicated  in  paragraph  35-  Discharge-rating 
■urves  were  used  to  convert  natural  flow-frequency  to  natural  stage- 
frequency.  which  are  shown  on  plates  4 9 through  53- 
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92.  MODIFIED  STAGE  _ FREQUENCY  CURVES. 

Modified  frequency  curves  we re  determined  by  applying  the  reser- 
voir holdouts  of  ten  representative  floods  (March  1913 > January  1937; 
March  19^5,  April  19^8,  February  19^9;  January  1950,  May  1907; 

January  1959;  January  I960,  and  May  1961)  to  the  natural  hydrographs 
or  natural  hydrographs  modified  by  Group  "A"  reservoirs.  The  Patoka 
dam  site  holdouts  which  were  determined  by  routing  the  floods  accord- 
ing to  the  reservoir  regulation  plan,  were  routed  downstream  in  order 
to  determine  reductions  and  modified  flovs  at  the  downstream  damage 
gages.  The  peak  modified  flows  of  each  flood  at  the  respective 
damage  control  station  was  converted  to  stage  by  use  of  discharge 
rating  curves.  The  peak  modified  stage  for  each  of  the  floods  was 
plotted  under  the  peak  natural  curve  or  peak  natural  curve  modified 
by  Group  "A"  reservoirs  for  the  same  frequency.  A smooth  weighted 
curve  drawn  through  the  modified  peak  stages  gives  the  modified 
stage-frequency  curves.  The  modified  stage-frequency  curves  are  shown 
on  plates  D-49  through  D-53» 
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SECTION  I - LINCOLN  RESERVOIR,  EMBARRASS  RIVER 


1.  LOCATION  OF  PROJECT. 

The  Lincoln  Reservoir  Project  is  located  in  east-central  Illinois, 
on  the  Embarrass  River,  The  selected  dam  site  (formerly  Copper  Cave 
site)  is  located  at  mile  103  on  this  stream  near  the  northern  boundary 
of  Cumberland  County. 

2.  PHYSIOGRAPHY. 

The  project  area  is  located  in  the  Till  Plains  of  the  great  Central 
Lowland  Province.  These  are  mature  plains  whose  rolling  topography 
is  concealed  by  a thick  mantle  of  glacial  overburden.  In  the  uplands 
there  is  a little  relief,  the  surface  being  undissected  for  large 
areas.  The  divides  are  flat  and  the  uplands  ere  traversed  by  low  morainic 
ridges.  The  valleys,  which  begin  as  almost  imperceptible  grooves  in 
the  glacial  till,  are  generally  shallow  and  wide.  The  maximum  relief 
between  the  Embarrass  River  and  the  adjacent  uplands  is  about  150  feet, 
with  the  valley  floor  varying  in  width  from  one-quarter  to  two  and  one- 
half  miles.  Above  the  selected  site,  the  greatest  width  is  about  a 
mile.  This  wide  valley  is  probably  due  to  glacial  action,  since  it  is 
too  great  to  have  been  the  work  of  the  present  stream.  The  river  itself 
has  many  crooks  and  long  tortuous  bends,  some  of  which  have  been 
straightened  in  the  lower  reaches  by  excavation  of  pilot  cut-offs.  The 
flat  valley  floor  and  the  many  meanders  are  an  indication  that  maturity 
has  been  attained  and  a graded  condition  established. 

3.  REGIONAL  GEOLOGY. 

Soil  Mantle.  The  bedrock  topography  is  overlain  by  a thick  mantle 
of  drift  deposited  by  the  Illinoian  and  Wisconsin  glaciers.  On  the 
prairies,  the  glacial  drift  is  covered  with  variable  but  generally 
shallow  thicknesses  of  loess  and  wind-blown  fine  sands.  These 
loessial  deposits  are  primarily  alluvial,  and  secondarily  aeolian,  and 
were  probably  originally  laid  down  in  old  glacial  lakes.  In  the  flood 
plain,  thick  deposits  of  silt,  sand,  and  gravel  of  alluvial  origin 
cover  the  bedrock  surface.  From  these  deposits,  which  were  derived 
largely  by  erosion  of  the  upland  soils,  were  developed  the  rich 
alluvial  soils  of  the  lower  Embarrass  Valley. 

4-  BEDROCK  STRUCTURES. 

Geologically,  the  rocks  in  this  area  are  all  of  the  sedimentary 
origin  and  in  the  site  area  belong  to  the  Newton  Cyclothem  of  the  Post 
Alleghenian  of  the  Pennsylvanian  period.  They  were  derived  from  an 
area  of  erosion  to  the  east,  known  as  Appalachia.  Prior  to 
Pennsylvanian  time,  the  interior  of  the  coutry  was  a peneplain  upon 
which  was  deposited  the  series  of  sediments  which  later  developed  into 
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shales,  sandstones  and  limestones.  In  this  area,  the  rocks  are  predomi- 
nantly shales,  with  intervening  beds  of  indurated  clay,  sandstone  and 
a few  thin  beds  of  limestone  and  coal.  These  shales  are  soft  to 
medium  hard  calcareous  and  carbonaceous  clay  shales,  and  were  deposited 
in  quiet  and  generally  shallow  waters  and  underlie  the  entire  basin. 
Generally  speaking,  the  upper  strata  are  of  fresh  water  derivation, 
while  the  lower  part  is  of  marine  origin.  The  limestones  generally 
consist  of  two  strata,  one  beneath  the  uppermost  layer  of  shale,  and 
the  other  from  50  to  80  feet  deeper,  with  intervening  layers  of  shale 
and  sandstone.  The  sandstones  are  not  widespread  sheet  deposits  like 
the  shales  but  are  interrupted  and  broken.  This  is  a result  of  the 
nature  of  their  deposition,  which  was  pronably  along  the  shore  lines 
of  the  ancient  mid-continental  sea.  There  is  no  apparent  folding  in 
this  region,  the  rocks  forming  an  almost  flat  monocline,  which  dips 
gently  to  the  southwest. 

5.  GROUND  WATER  CONDITION. 

Generally,  the  ground  water  table  rises  on  a gentle  gradient  from 
the  river.  Static  water  stands  at  elevation  631±  in  the  abutment 
holes.  A brief  resume  of  groundwater  conditions  in  the  Embarrass 
River  basin  as  prepared  by  the  U.  S.  Department  of  the  Interior, 
Geological  Survey  is  contained  in  Appendix  F. 

6.  FOUNDATION  EXPLORATIONS. 

The  bulk  of  the  foundation  investigations  for  Lincoln  Reservoir 
was  accomplished  between  1939  and  1944  and  presented  in  the  Definite 
Project  Report  on  Wolf  Creek  Reservoir,  Illinois,  dated  31  July  1945. 
Four  additional  core  holes  and  four  auger  holes  were  drilled  in 
October  1962.  The  graphic  logs  of  all  borings  are  shown  on  plates 
E-6  through  E-16. 

7.  PRELIMINARY  SITE  SELECTION. 

Five  possible  locations  on  the  Embarrass  were  investigated  and 
covered  in  the  1945  D.P.R.  It  was  established  in  the  D.P.R.  that 
due  to  economics,  storage  and  geology  only  the  Copper  Cave  Site  was 
considered  feasible.  The  Copper  Cave  Site  consists  of  4 alternates, 
identified  as  1-1,  2-2,  3-3,  and  4-4  starting  at  the  downstream  end 
of  a relatively  narrow  and  deep  valley  for  a distance  of  about  0.8 
mile  and  progressing  upstream.  Discussion  of  the  4 alternates  is 
given  in  Appendix  IV,  beginning  with  paragraph  11  of  the  Definite 
Project  Report. 

8.  DESCRIPTION  OF  COPPER  CAVE  SITE. 

The  Embarrass  River  has  cut  through  the  glacial  deposits  in  this 
area  and  has  entrenched  itself  in  a deep  and  moderately  narrow  valley. 
The  flood  plain  through  the  site  area  varies  from  about  800  to  1,000 
feet  in  width.  The  stream  meanders  from  the  right  side  to  the  left 
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side  of  the  flood  plain  through  the  upper  part  of  the  site  area  and 
back  again  to  the  right  side  near  the  lower  section.  The  river 
channel  has  an  average  width  of  about  125  feet  and  a depth  of  roughly 
15  feet.  The  valley  walls  along  the  stream  are  deeply  cut  by  many 
gullies  and  washes,  some  of  which  extend  as  much  as  one  mile  into 
the  upland  area.  Except  for  this  condition,  the  slope  from  the  flood 
plain  to  the  top  lands  is  very  steep,  averaging  between  one  on  one  and 
a half  to  one  on  three.  Several  isolated  sections  of  slope  from  the  top 
lands  are  as  steep  as  one  on  one.  Throughout  the  lower  reach  of  this 
site  area,  a medium  soft  sandstone  outcrops  ir,  the  valley  walls  at  a 
height  of  30  to  40  feet  above  the  flood  plain. 

9.  FINAL  SITE  SELECTION. 

Site  4-4  was  selected  in  the  Definite  Project  Report  as  being  the 
more  desirable  location  for  the  dam.  The  right  bank  abutments  of  all 
sites  are  quite  narrow  at  spillway  elevation  629.  There  are  sand 
lenses  in  the  glacial  till  thus  it  is  reasonable  to  assume  that  leakage 
will  develop  through  the  abutment  when  the  pool  is  at  higher  elevation. 
In  view  of  past  experience  on  the  sites  along  the  Wabash  River  in 
Indiana,  it  would  be  advantageous  to  select  a location  where  the  perma- 
nent pool  would  be  contained  entirely  in  rock.  The  friable  poorly 
cemented  sandstone  can  be  tightened  up  with  a grout  curtain.  In  order 
to  reduce  leakage  through  the  sand  lenses  in  the  abutment,  the  axis 
of  any  structure  should  be  located  near  the  upstream  edge  of  point  or 
promotory,  so  that  an  upstream  impervious  blanket  or  fill  can  be  in- 
corporated into  the  designed  embankment.  If  necessary  upstream  gullies 
along  the  abutment  would  be  cleaned  and  filled  to  seal  off  all  sand 
lenses.  A 5th  alternate  site,  upstream  from  site  2-2,  should  provide 
a pool  below  the  top  of  rock  with  maximum  protection  along  the  thin 
abutments.  This  proposed  alternate  axis  would  be  50  feet  upstream  on 
the  right  abutment  and  some  300  feet  upstream  on  the  left  abutment. 

This  5th  alternate  site  is  the  site  of  Lincoln  Dam  proposed  herein. 

The  following  paragraphs  relate  to  the  proposed  Lincoln  Dam  site  and 
reservoir  area. 

10.  FOUNDATION  CONDITION  AND  PROBLEMS. 

a.  Dam.  Plate  E-4  is  a geologic  profil  of  the  proposed  dam 
site.  The  abutments  are  composed  of  glacial  till  with  lenses  of  sand 
and  gravel  overlying  a soft,  fine  grained,  friable,  poorly  cemented, 
micaceous  sandstone  with  shaly  lamina.  Top  of  the  sandstone  in  the 
abutment  varies  from  elevation  585  to  595.  The  probable  leakage 
through  the  glacio-fluvial  sand  and  gravel  in  the  till  was  discussed 
in  the  preceding  paragraph.  Below  the  sandstone  is  a 20  to  25'  thick 
silty  to  clay  shale.  When  covered  by  the  overlying  sandstone  in  the 
abutments  the  shale  is  medium  hard.  In  the  valley  the  upper  15 't  of  the 
shale  has  been  stripped  off  by  erosion  processes  of  the  Embarrass 
River  and  is  overlain  by  20  to  25  feet  of  alluvial  fine  grained  silty 
sand.  The  6 to  9 feet  of  shale  beneath  the  sand  is  very  soft  and 
weathered.  A 40'  wide  cut-off  trench  will  be  necessary  through  the 
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sand  across  the  valley.  Six  inch  diameter  drill  holes  will  be  necessary 
during  the  design  exploration  stages  to  determine  whether  the  shale 
should  be  taken  out  in  the  cut-off  trench. 


b.  Spillway.  The  left  bank  spillway  will  have  its  crest  in 
glacial  toll  (impervious  silty  sandy  clay  with  traces  of  gravel).  The 
spillway  will  be  inclined  with  a flat  grade  and  will  discharge  into 
Clear  Creek.  Plate  E-5  is  a geologic  profile  of  the  spillway.  Side 
slopes  will  be  1 on  3 with  a crest  width  of  100  feet.  A 50  foot  wide 
control  structure  is  required. 

c.  Outlet  Works.  Present  plans  are  to  found  the  outlet  works 

in  the  left  abutment~"in  the  silty  to  clay  shale.  Invert  elevation  for 
the  conduit  is  538.  A two  foot  thick  gravel  layer  will  be  placed  around 
this  conduit  from  the  intersection  of  the  sloping  drain  to  the  stilling 
basin. 


d.  Grouting.  A single  line  grout  curtain  will  be  required  in 
the  abutments  and  across  the  valley.  The  grout  curtain  will  extend 
from  station  0+00  to  24+00.  Between  stations  0+00  and  6+00  the  grout 
curtain  should  extend  from  top  of  rock  to  elevation  >40.  Between 
6+00  and  8+00  would  be  a transition  zone  from  the  abutment  to  valley 
section.  The  valley  section  between  station  8+00  and  18+00  would 
extend  below  the  limestone  to  elevation  500  in  shale.  Between  18+00 
and  19+00  would  be  valley  to  abutment  transition  zone.  From  19+00 
to  24+00  the  grout  curtain  would  extend  from  top  of  rock  to  elevation 
530  which  would  be  through  the  sandstone  and  into  the  shale. 

11.  EMBANKMENT. 

The  embankment  will  be  constructed  of  impervious  soil  obtained 
from  other  features  of  construction  and  from  the  borrow  areas.  The 
planned  embankment  section  as  shown  on  plate  E-3  will  have  a 30  foot 
top  width,  will  be  symetrical  with  a 1 on  2.5  side  slopes  from  top 
of  dam  at  elevation  648  to  spillway  crest  at  elevation  629,  1 on  3 

iside  slopes  from  629  to  570  and  1 on  3.5  slopes  below  elevation  570. 

The  upstream  slope  will  be  protected  with  18  inches  of  riprap  on 
9 inches  of  bedding  from  elevation  579  to  top  of  dam.  Downstream 
riprap  will  be  placed  up  to  the  elevation  of  maximum  tailwater.  A 
40  foot  cutoff  to  rock  will  be  built  across  the  valley  and  in  the 
abutments  until  a depth  of  20  feet  of  soil  is  reached  in  the  abut- 
ments. When  this  depth  is  exceeded  then  an  inspection  trench  will 
be  constructed  for  the  remainder  of  the  structures.  The  existing 
soil  foundation  will  otherwise  be  left  in  place.  Internal  drainage 
of  the  embankment  will  be  by  sloping  and  horizontal  drains  located 
as  shown  on  plate  E-3*  Top  of  the  sloping  drain  will  be  at  elevation 
629.  The  width  will  be  5 feet.  The  horizontal  drain  will  be  two  feet 

[thick  and  will  be  placed  directly  on  the  soil  foundation  after 

stripping  of  organic  soil.  Downstream  from  the  sloping  drain  a com- 
pacted random  fill  zone  is  detailed  to  place  any  nc  -organic  material 
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from  required  excavation  which  is  not  suitable  for  placement  in  the 
impervious  fill  zone.  The  structure  as  outlined  above  is  believed  safe 
based  on  comparisons  with  previous  construction. 

12.  SOURCES  OF  CONSTRUCTION  MATERIALS. 

Table  1 below  shows  the  origin  and  disposition  of  major  quantities 
of  construction  materials  required  to  build  the  embankment.  Borrow 
areas  are  located  high  in  the  abutments,  as  shown  on  plate  E-2,  where 
impervious  clay  till  soils  are  available  to  construct  the  embankment. 
Gravel  pits  are  located  within  5 miles  of  the  project  which  can  produce 
material  suitable  for  the  drain  and  bedding  requirements  and  fine 
aggregate  for  concrete  mixes.  No  active  limestone  quarries  are  located 
near  the  dam  site.  Riprap  and  coarse  aggregate  must  be  obtained  from 
commercial  limestone  quarries  such  as  those  located  near  Greencastle, 
Indiana;  East  St.  Louis  and  Kankakee,  Illinois.  These  sources  are 
100  miles  from  the  dam  site.  Testing  of  this  source  will  be  required. 
Portland  cement  is  available  from  plants  located  near  Mitchell  and 
Greencastle,  Indiana  and  Chicago,  Illinois.  The  Greencastle  source 
is  the  nearest. 


/ 
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TABLE  1 


LINCOLN  RESERVOIR 


ORIGIN  AND  DISPOSITION  OF  CONSTRUCTION  MATERIALS 


Feature 

Sub-Feature 

Quantity 
Cu.  Yds. 

Origin  & 
Disposition 

Spillway 

Excavation  Earth 

60,400 

Place  Suitable  in 
F bankment  - Waste 
all  other. 

Conduit  & 
Channels 

Excavation  and  Earth 

51,800 

Use  Suitable  in 
Embankment  - and 
around  conduit. 

Excavation,  Rock 

10,800 

Place  in  embankment. 

Embankment 

Top  Soil  Stripping 

32,700 

Haul  to  Waste  Area. 

Core  Trench  Excavation 

46,300 

Use  suitable  in 
Embankment  - Waste 
all  other. 

Borrow  1 

,253,000 

Obtain  from  borrow 
Areas. 

Misc. 

Materials 

Riprap 

19,700 

Obtain  Commercially 

Bedding 

9,800 

Obtain  Commercially 

Drain  Material 

27,500 

Obtain  Commercially 

SECTION  II  - CLIFTY  CREEK  RESERVOIR,  CLIFTY  CREEK 
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13.  PHYSIOGRAPHY. 

The  reservoir  area  is  located  in  the  Muscatatuck  Region  Slope 
physiographic  province  of  Indiana  near  the  southern  limits  of  the 
Wisconsin  glacier.  Structurally  the  area  is  located  on  the  western 
flanks  of  the  Cincinnati  arch  with  a regional  dip  of  25  to  35  feet  per 
mile  to  the  west;  dominant  joint  patterns  are  N10W,  N20E,  N50E,  N65E. 

14 • BEDROCK. 

Bedrock  in  the  area  in  ascending  order  is  as  follows: 

a.  Geneva  Dolomite.  Elevation  716  (top  of  rock)  to  Elevation  688 
base  of  formation.  Tan,  medium  hard  to  soft,  weathered,  fine  grained, 
sugary  textured  dolomite,  buff  chert  in  the  upper  portion,  jointed, 

0.5'  to  2.0'  bedding.  The  rock  is  poorly  cemented  and  solution  channels 
should  be  expected  throughout.  Depth  of  primary  weathering  bottoms  out 
at  the  base  of  the  Geneva  Dolomite. 

b . Louisville  Limestone.  Five  feet  thick  - Elevation  688  to  683±  - 
a five  foot  thick  gra^  Tine- grained  crystalline,  dolomitic  limestone, 
medium  hard  to  hard  with  1/4"  shale  seams  along  bedding  plains.  The 
lower  one  foot  is  shaly  limestone  to  calcareous  shale  transition  zone 

to  Waldron  shale  below;  1.0'  bedding. 

c.  Waldron  Shale.  Seven  feet  thick  - Elevation  683  to  676  cal- 
careous, medium  hard,  0.5'  bedding;  gray.  The  shale  has  a weathered 
zone  at  its  base. 

d.  Laurel  Dolomite.  Twenty-four  feet  thick,  Elevation  676  to  652. 
Gray,  fine  grained  crystalline  limestone,  hard,  stylolitic,  buff  chert 
nodules  in  upper  10  feet,  dolomitic,  jointed  with  weathered  seams, 

some  shaly  lamina  along  bedding  plains,  in  lower  10  feet,  0.5'  to  2.0' 
bedding. 


e.  Osgood  Formation.  Light  gray  to  gray,  fine  grained  crystalline 
limestone,  hard,  with  1/81'  shale  lamina.  Becomes  more  shaly  with  depth. 
Total  thickness  drilled  v<as  20  feet  in  DC-5  which  bottomed  out  in  the 
Osgood.  Top  of  formation  Elevation  652. 

f.  Elevations  on  above  formations  were  taken  from  the  right 
abutment.  The  elevations  will  vary  since  the  apparent  dip  is  10  feet 
per  mile  to  the  northwest  or  from  the  left  bank  to  the  right. 

g.  The  Falls  located  up  Falls  Fort  are  due  to  the  undercutting  of 
the  Waldron  Shale  which  outcrops  at  Elevation  700  beneath  the  falls. 
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15.  Prior  to  the  deposition  of  glacial  deposits  erosion  channels  were 
cut  in  the  bedrock  surface  producing  a highly  uneven  top  of  rock  surface. 
Old  erosion  channels  were  encountered  in  both  abutments  where  pre- 
glacial streams  had  cut  through  the  highly  weathered  Geneva  Dolomite, 
Louisville  Limestone,  Waldron  Shale  and  bottomed  out  in  the  Laurel 
Dolomite.  It  was  on  this  uneven  surface  that  glacial  deposition  took 
place. 


16.  GLACIAL  DEPOSITS. 

Glacial  deposits  in  the  dam  site  area  are  gravelly  silty  clay 
glacial  tills,  tan  (leached)  to  blue  gray  with  2 to  4'  thick  highly 
compact  gravelly  sands  presumably  lenticular  in  distribution.  The 
clay  tills  are  relatively  impervious.  With  the  exception  of  DC-3 
all  borings  in  the  abutments  encountered  clay  till  lying  immediately 
on  bedrock.  The  glacial  deposits  are  Wisconsin  in  age. 

17.  ALLUVIAL  DEPOSITS. 

In  the  narrow  Clifty  Creek  Valley  there  is  15  feet  of  alluvial 
deposits  resting  on  bedrock.  The  alluvial  deposits  consist  of 
gravelly  sand  at  the  base  grading  up  into  silty  sand  which  is  over- 
lain  by  5 feet  of  sandy  clay  at  the  surface. 

18.  TOPOGRAPHY  AND  DRAINAGE. 

The  uplands  have  typical  flat  lying  ground  moraine  topography 
with  broad  U shaped  ravines  and  gentle  gradients.  Near  the  major 
streams  where  the  40  feet  ± of  glacial  till  have  been  removed  steep 
slopes  and  gradients  have  developed  on  the  bedrock  surface.  Drainage 
is  both  external  and  internal.  There  are  springs  along  the  bedrock- 
till  contact  and  also  high  elevation  springs  in  the  glacial  till  in 
the  uplands. 

19.  FOUNDATION  CONDITIONS  AND  PROBLEMS. 

a.  Buried  Channels.  Two  buried  channels  -were  encountered 
during  subsurface  exploration.  Plate  E-19  shows  the  relative  location 
of  the  channels.  The  left  bank  buried  channel  has  top  of  rock  at 
elevation  666.1.  The  channel  is  filled  with  impervious  gravelly 
sandy  clay  till  and  static  water  in  DC-8  stood  at  elevation  743-8. 

The  exact  width  and  alignment  is  not  known  since  only  one  hole  was 
drilled  in  its  location.  However  on  the  inlet  end  of  the  channel 
in  Fall  Fork  it  is  approximately  700-800  feet  wide.  Top  of  rock 
elevations  and  the  approximate  channel  alignment  are  marked  on  the 
plan,  plate  E-17.  No  serious  leakage  problems  are  anticipated  for 
the  left  bank  channel.  The  right  bank  buried  channel  located  4n  the 
vicinity  of  DC-3  gives  the  geologic  profile  the  appearance  of  a 
false  front."  This  channel  is  approximately  700  feet  wide  at  the 
inlet  end.  Top  of  rock  in  DC -3  was  673.1  compared  to  the  704  top  of 
rock  in  the  right  abutment  approximately  500  feet  to  the  southeast. 
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The  channel  is  filled  with  20  feet  of  brown,  sandy,  gravelly  clay 
wi ,h  weathered  rock  fragments  immediately  on  top  of  rock;  the  lower 
5 feet  being  sandy  clayey  gravel.  This  20'  interval  appears  to  be 
fairly  impervious.  It  appears  to  be  more  of  a "residual  slump"  rather 
than  a glacial  deposit.  Overlying  the  "residual  slump"  is  38  feet  of 
impervious  brown  and  gray,  firm  sandy  gravelly  clay.  Ground  water  is 
low  in  the  channel  elevation  669.5  and  the  right  abutment,  elevation 
669.8.  water  level  in  Clifty  Creek  was  elevation  665±.  A brief  resume 
of  ground  water  conditions  in  the  Clifty  Creek  basin,  as  prepared  by 
the  U.  S.  Department  of  the  Interior,  Geological  Survey,  is  contained 
in  Appendix  F.  Extensive  explorations  will  be  required  to  outline 
both  channels,  however,  preference  should  be  given  to  the  right  bank 
buried  channel  to  determine  if  the  "residual  slump"  is  impervious 
in  areal  distribution  and  to  determine  if  a sufficient  semi-impervious 
cover  exists  to  prevent  seepage. 

b.  Dam  and  Dike.  The  embankments  will  be  constructed  of  glacial 
till.  Maximum  height  of  the  dam  will  be  approximately  90  feet.  A 
symmetrical  section  is  planned  as  shown  on  the  attached  drawing.  Top 
width  of  dam  will  be  30  feet.  Slopes  will  be  1 vertical  on  2-1/2 
horizontal  above  elevation  730  and  1 vertical  on  3-1/2  horizontal 
below  this  elevation.  Top  of  dam  is  at  elevation  753 > spillway  crest 

is  717.0  and  permanent  pool  is  at  elevation  705.  The  upstream  slope  will 
be  protected  with  18  inches  of  riprap  over  9 inches  of  bedding  material 
from  elevation  /CO  to  top  of  dam.  Riprap  protection  will  be  provided 
on  the  downstream  slope  up  to  maximum  tailwater.  A five  foot  horizontal 
width  filter  drain  will  be  provided  with  a top  elevation  at  745. 

Discharge  will  be  into  a two  foot  filter  drainage  blanket  placed  on 
the  downstream  foundation.  A 30  foot  wide  cutoff  trench  to  bedrock  will 
be  constructed  in  the  steep  valley  abutments  and  through  the  valley.  The 
contacted  bedrock  will  be  hand  cleaned  and  sluch  grouted.  Dental 
concrete  will  be  used  where  slush  grout  is  not  suitable  for  filling 
larger  irregularities.  A 10  foot  base  width,  6 feet  deep  inspection 
trench  will  be  utilized  in  the  high  abutments  when  the  depth  of  soil 
; exceeds  20  feet.  Pressure  grouting  will  be  performed  as  outlined 

- in  Paragraph  iCbbRl'ow.  The  maximum  height  of  the  dike  will  be 

approximately  8 feet.  Crown  width  will  be  12  feet  with  symmetrical 
side  slopes  of  1 vertical  on  2.5  horizontal. 

c.  Spillway  Investigations.  T\vo  holes  were  drilled  in  potential 
spillway  sites.  DC-1  in  the  right  bank  had  top  of  rock  at  elevation 
704.2.  Overlying  rock  is  glacial  till  (sandy,  gravelly  clay,  very  firm) 
with  very  compact  lenses  of  sand.  DC-8  in  the  left  bank  has  top  of 
rock  at  elevation  666.1  which  is  overlain  by  very  firm  glacial  till. 

Blow  counts  in  the  vicinity  of  an  uncontrolled  spillway  crest,  elevation 
730  varied  from  166  to  832.  These  are  blows  per  foot  with  a 325  pound 
hammer  and  an  18"  drop.  Foundation  conditions  would  be  similar  in 
both  sites;  and  both  would  have  the  glacial  will  for  a foundation  at 
the  spillway  crest.  A gated  spillway  adjacent  to  Clifty  Creek  would 
be  founded  in  the  cherty  fine  grained  crystalline  limestone  interval 
of  the  Laurel  Formation,  which  will  make  a sound  foundation. 
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20.  EESER/OIR  TIGHTNESS  AMD  GROUND  WATER  CONDITIONS. 


Very  little  ground  water  information  was  obtained  from  farms  in  the 
area.  The  wells  in  the  uplands  obtain  water  from  thin  sand  lenses  in 
the  glacial  till  and  bedrock.  The  most  reliable  ground  water  informa- 
tion was  ootained  from  drill  holes.  Ground  water  readings  in  drill 
holes  were  made  with  overburden  cased  off.  In  DC-8  drilled  in  the 
left  bank  drainage  divide  static  water  was  encountered  at  elevation 
743.8.  DC-1  in  the  right  bank  drainage  divide  had  static  water  at 
elevation  724-8.  This  compares  with  static  water  in  a farm  well 
700  feet  west  of  DC-1  of  elevation  726.  A potential  zone  of  leakage 
is  in  the  right  abutment.  Ground  water  is  low  in  DC-4,  elevation 
669.8  and  DC-3,  elevation  669.5.  Also  drill  water  return  was  lost  in 
DC-2  in  a void  at  elevation  662.8,  in  DC -3  along  a weathered  bedding 
plain  at  elevation  665.9  and  in  DC-5  in  a mud  filled  void  at  elevation 
666.5.  In  FC-4A  drill  water  return  was  lost  in  the  weathered  dolomite 
at  elevation  695.6  and  any  lower  water  loss  was  not  observed.  Some 
solution  was  noted  at  the  top  of  the  Laurel  Formation  at  the  base 
of  the  Waldron  Shale  in  DC-4  and  DC-2.  Grouting  would  be  required  the 
full  length  of  the  dam  from  top  of  rock  to  elevation  650. 

21.  SOURCES  OF  CONSTRUCTION  MATERIALS. 

Table  2 following  shows  the  origin  and  distribution  of  all  major 
construction  materials.  Both  impervious  and  pervious  borrow  can  be 
obtained  within  the  reservoir  area  in  the  Fall  Fork  Valley  upstream 
from  the  dam  and  dike.  Natural  sands  and  gravels  for  drain  and 
bedding  materials  and  sands  for  fine  aggregate  are  available  from 
sources  near  Columbus,  Indiana.  A haul  of  approximately  10  miles  is 
required.  Three  limestone  quarries  are  located  within  a 17  mile 
radius  of  the  darasite.  These  quarries  can  produce  riprap  and  coarse 
aggregate  for  portland  cement  concrete.  A complete  testing  program 
will  be  required  for  all  sources. 

22.  There  are  no  mineral  resources  which  will  be  flooded  by  the 
reservoir. 
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TABLE  2 

ORIGIN  AND  DISPOSITION  OF  CONSTRUCTION  MATERIALS 


CLIFTY  CREEK  RESERVOIR 


Feature 

Sub-Feature 

Quantity 
Cu.  Yds. 

Origin  & Disposition 

Concrete 

Section 

Excavation  Earth 
Structure  & Channels 

58,000 

Use  Suitable  in 
Embankment  - Waste 
all  Other  Material. 

1 

Excavation  Rock 
Structure  & Channels 

20,000 

Place  in 
Embankment. 

Embankments 

Stripping 

45,000 

Haul  to  Disposal  Area 

Excavation,  Common 

37,000 

Place  Suitable  in 
Embankment  - Waste 
all  Other. 

1 

Excavation,  Borrow 

730,000 

Obtain  from  Borrow 
Areas. 

Misc. 

materials 

Riprap 

22,000 

Obtain  Commercially 

Bedding  Material 
& Drain  Material 

56,000 

Obtain  Commercially 

J 

Derrick  Stone 

1,500 

Obtain  Commercially 

' 

Spalls 

300 

Obtain  Commercially 

Spalls 


SECTION  III  - PATOKA  RESERVOIR,  PATOKA  RIVER 


23.  LOCATION. 

The  Ellsworth  Dam  Site  is  located  on  the  Patoka  River,  north  1/2 
section  14,  T 1 3,  R 3 W,  in  Dubois  County,  on  the  Cuzco,  Indiana 
Quadrangle . 

24.  GENERAL  GEOLOGY. 

The  proposed  site  is  located  in  the  Crawford  uplands.  The 
topography  is  rugged,  characterized  by  highly  dissected  ridges  with 
dendritic  drainage.  There  is  about  260  feet  of  relief.  The  Patoka 
Valley  is  broad  and  flat  with  a meandering  river.  The  width  of  the 
valley  varies  from  1,000  to  3,000  feet.  Although  the  area  is  not 
within  the  glacial  boundaries,  glacial  melt  waters  have  cut  a deep  bed- 
rock channel  about  64  feet  below  the  present  flood  plain.  The  reservoir 
area  is  composed  of  the  Chester  series  of  sandstone,  shale  and  limestones, 

Mississippian  in  age  capped  by  Pennsylvanian  sandstones  and  shales.  The 
regional  structure  dips  42  feet  per  mile  to  the  west  and  southwest. 

The  observed  joint  patterns  in  the  dam  site  area  are  N-S  and  E-W.  Width 
of  jointing  varies  from  3 to  20  feet  with  an  average  of  10  feet. 

25.  INVESTIGATIONS  PERFORMED. 

a.  Preliminary  reconnaissance  in  the  reservoir  area  was  made 

by  the  geologists  for  the  Indiana  Flood  Control  and  Water  Resources 
Commission.  The  proposed  site  was  selected  by  the  Flood  Control 
Commission.  A seismic  and  resistivity  profile  was  made  along  the 

centerline  and  1600  feet  upstream  from  the  centerline.  These  profiles 

indicated  a 60'  deep  buried  valley.  One  deep  hole  was  drilled  by  the  i 

Indiana  Geological  Survey  in  the  right  bank  drainage  divide  which  gave 

a complete  section  of  all  formations  which  were  encountered  in  the  dam 

site  area.  Based  on  the  information  presented  by  the  Flood  Control 

Commission,  it  was  decided  that  the  preliminary  investigation  by  the 

Corps  of  Engineers  should  concentrate  primarily  on  the  ground  water 

and  relative  water  tightness  of  the  dam  abutments  and  the  foundation 

for  the  dam  and  spillway.  Pertinent  data  for  the  reservoir  is  as 

follows; 

Top  of  Dam  El.  565 

Flood  Control  Pool  El.  550 

Conservation  Pool  El.  536 

b.  The  Corps  of  Engineers  have  drilled  ten  core  holes.  All 
holes  were  driven  to  rock  using  a solid  barrel  soil  sampler  with  a 
350#  hammer  and  an  18"  drop.  Rock  was  cored  with  a NXM  double  tube 
core  barrel.  Four  holes  were  drilled  along  the  narrow  right  abutment. 

Two  holes  DC-3  and  DC-4  had  well  points  and  2"  pipe  installed  to  serve 
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as  ground  vjater  observation  wells.  Two  holes  were  drilled  on  the  left 
abutment  and  three  holes  were  drilled  on  the  right  bank  flood  plain. 
All  drill  holes  are  referenced  to  the  base  line  put  in  the  field  by 
the  Flood  Control  Commission.  A plan  showing  the  base  line  and  hole 
locations  is  attached.  A proposed  hole  for  the  dike  was  not  drilled 
due  to  depletion  of  funds.  All  abutment  holes  were  drilled  at  an 
angle  with  the  vertical. 

c.  At  the  completion  of  foundation  investigations  by  the  Corps, 
the  Indiana  Flood  Control  and  Water  Resources  Commission,  in  conjunc- 
tion with  the  Indiana  Geological  Survey,  drilled  a total  of  23  holes 
in  the  right  bank  drainage  divide,  left  abutment  and  dike  area.  The 
holes  were  rock  bitted  down,  filled  with  water  and  electric  logged. 

The  water  level  was  carefully  checked  and  is  recorded  on  plate  E-27. 
The  electric  log  data  is  not  complete  and  is  not  included  in  this 
report.  Plate  E-27  is  a geologic  profile  by  the  Flood  Control 
Commission  based  on  drill  cuttings.  Drill  logs  for  the  left  bank 
and  dike  area  were  not  available  for  this  report. 

26.  GEOLOGY  OF  THE  SITE. 

a.  Topography.  As  stated  before  the  topography  is  rugged,  with 
dendritic  drainage.  Relief  is  approximately  260  feet  varying  from 
elevation  490  in  the  flood  plain  to  750  in  the  drainage  divides. 

The  tributary  systems  adjacent  to  the  Patoka  Valley  have  low  gradients 
and  wide  valleys.  It  is  possible  that  the  tributaries  have  deep 
buried  valleys  which  have  gradients  adjusted  to  the  bedrock  valley 
under  the  Patoka  River  Valley. 

b . Description  of  Bedrock.  Bedrock  in  the  area  includes  the 
Upper,  Middle  and  Lower  Chester  Series  sandstones,  shales  and  lime- 
stones which  are  overlain  by  Pennsylvanian  sandstones  and  shales. 
Descriptions  of  the  formations  in  descending  order  are  as  follows: 

Pennsylvanian: 

Mansfield  Formation:  Sandstones  and  shales.  Top  of 

hills  to  elevation  630±. 

Mississippian 

Tar  Springs  Formation:  A fairly  well  cemented  sandstone  and 

calcareous  shale.  Base  of  the  formation  varies  from  elevation  580  in 
the  right  bank  drainage  divide  to  elevation  550  in  the  dike  area.  Top 
of  the  formation  is  630±  in  the  right  bank  drainage  divide. 

Glen  Dean  Limestone:  A gray,  hard,  fine  to  medium  grained, 

crystalline  limestone.’  Thickness  varies  from  14  feet  on  the  right 
abutment  to  30  feet  on  the  left  abutment.  It  should  be  noted  that 
where  the  Glen  Dean  thickens  on  the  left  aubtment,  the  underlying 
Hardinsburg  and  Golconda  Formations  thin.  The  cumulative  thicknesses 
of  all  three  formations  are  92-94'  on  both  sides.  One  sink  hole  was 
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noted  in  the  Glen  Dean  Limestone  between  stations  19  and  20.  Base  of 
the  Glen  Dean  varies  from  elevation  570  in  the  right  bank  drainage 
divide  to  elevation  525  in  the  dike  area.  A cave  is  located  approxi- 
mately 2500  feet  downstream  from  the  dam  on  the  west  side  of  the  left 
abutment.  A spring  in  the  cave,  which  bottoms  out  on  top  of  the 
Hardinsburg  shale,  occurs  at  elevation  509.  There  is  a slight  northvjest 
pitch  to  the  strata  in  this  area.  During  the  months  of  October  and 
November  in  1962,  the  spring  flowed  at  a rate  of  8 gallons  per  minute. 
The  spring  is  used  as  a source  of  stock  water  for  farmers  in  the 
community.  The  cave  has  been  explored  by  local  people  for  a distance 
of  400  feet  back  into  the  hill  where  they  were  stopped  by  a rock  fall. 
Since  it  is  being  used  as  the  water  source  for  the  owner,  no  exploring 
was  allowed  during  the  preliminary  investigation.  It  is  apparent 
that  solution  penetrates  the  entire  thickness  of  the  Glen  Dean 
Formation.  On  the  right  bank,  the  Glen  Dean  is  above  the  proposed 
spillway  crest  of  elevation  550  whereas  in  the  dike  area  the  base  of 
the  Glen  Dean  is  elevation  503,  some  47  feet  below  spillway  crest  and 
33  feet  below  proposed  permanent  pool. 

Hardinsburg  Formation:  The  Hardinsburg  Formation  is  composed 

of  medium  hard  calcareaous  shale,  fairly  well  cemented  calcareous 
sandstone  and  soft,  slickensided  indurated  clay.  The  thickness 
varies  from  32  feet  on  the  right  abutment  to  25  feet  on  the  left 
abutment.  Numerous  old  slides  are  evident  in  this  formation  on  the 
left  abutment.  No  slides  were  noted  on  the  right  abutment.  Base  of 
the  formation  varies  from  elevation  530  on  the  right  bank  drainage 
divide  to  elevation  470  in  the  dike  area. 


Golconda  Formation:  The  Golconda  Formation  is  composed  of 

two  distinct  lithologic  units.  The  upper  unit  is  a fine  to  medium 
grained  crystalline  limestone  which  has  a thickness  of  29  feet  in  the 
right  abutment  and  21  feet  in  the  left  aubtruent.  The  limestone 
grades  downward  into  a gray  calcareous  shale  with  a 1 to  7'  thick 
indurated  clay  near  the  base.  The  lower  unit  varies  in  thickness  from 
20  feet  in  the  right  abutment  to  17  feet  in  the  left  abutment.  The 
Golconda  limestone  is  exposed  along  the  right  abutment.  There  has 
been  considerable  solution  along  the  joints  where  exposed.  The  joint 
pattern  is  N-S  and  E-W.  Spacing  of  joints  varies  from  3 to  20  feet 
with  an  average  of  10  feet.  Numerous  springs  along  the  toe  of  the 
right  abutment  appear  to  bottom  out  on  top  of  the  Golconda  Shale. 
Elevation  of  the  springs  is  approximately  495.  In  DC-1,  drill  water 
circulation  was  lost  at  elevation  515.  The  water  came  out  in  a spring 
at  elevation  495  at  the  toe  of  the  hill.  In  the  Indiana  Geological 
Survey  hole  further  back  in  the  drainage  divide,  drill  water  return 
was  lost  at  the  top  of  the  Golconda  limestone,  elevation  525.  In  the 
left  abutment,  in  DC-7,  drill  water  return  was  lost  at  elevation  485, 
near  the  base  of  the  Golconda  limestone.  It  was  evident  from  exposures 
in  the  field  that  there  had  been  considerable  solution  where  the  cover 
above  the  Golconda  limestone  wa3  thin.  Based  on  the  drill  holes,  it 
appears  there  has  been  solution  in  the  Golconda  limestone  where  there  is 
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thick  cover.  Thus  the  relatively  impervious  K\rdinsburg  Formation  must 
be  highly  jointed,  allowing  free  w ater  movement  from  above. 


Big  Clifty  Sandstone;  Gray  to  white,  very  fine  grained, 
friable  to  fairly  well  cemented  sandstone.  This  formation  does  not 
outcrop  in  the  project  area.  The  thickness  varies  from  40  feet  in  the 
right  abutment  to  35  feet  in  the  left  abutment.  Top  of  the  sandstone 
in  the  right  abutment  is  elevation  475. 

Beech  Creek  Limestone : A fine  to  medium  grained  crystalline 

limestone.  The  lower  4 feet  are  argillaceous.  It  appears  that  the 
deep  bedrock  channel  has  bottomed  out  on  top  of  the  Beech  Creek 
Limestone  at  elevation  430. 

West  Baden  Group  - Elwren  Formation:  Reddish  brown,  medium 

hard  calcareous  shale  and  indurated  clay.  Approximate  thickness  of  23 
feet. 

c.  Description  of  Overburden.  (1)  Valley.  The  64  feet  of 
valley  alluvium  is  primarily  fine  compact  sand-.  There  is  some  organic 
material  in  the  sand.  Overlying  the  sand  is  4-1/2  feet  of  sandy  silty 
clay.  Immediately  overlying  bedrock  is  11  feet  of  sandy,  gravelly, 
clayey  silt. 

(2)  Abutments.  The  gentle  right  abutment  has  12  to  20  feet 
of  residual  sandy  clay.  The  steep  left  abutment  has  5 feet  of 
residual  sandy  clay  on  the  side  slopes.  The  left  abutment  has  a 
fairly  well  developed  clay  and  gravel  terrace  at  elevation  500. 

27.  FOUNDATION  CONDITIONS. 

a.  Valley.  The  alluvial  sand  in  the  valley  is  compact  and 
relatively  impervious.  Water  content  in  the  sand  ranges  from  21  to 
28  percent,  which  indicates  a fine  sand.  The  top  5 feet  of  silty 
clay  will  be  stripped  under  the  dam.  To  limit  leakage,  relief 
wells  should  be  installed  at  the  downstream  toe  of  the  dam  and  a 

6 foot  thick  impervious  blanket  placed  from  the  upstream  toe  to  500 
feet  upstream  from  the  dam. 

b.  Solution.  Solution  in  the  Glen  Dean  and  Golconda  Limestones 
has  been  discussed.  Both  of  these  limestones  can  be  expected  to  have 
large  solution  channels  that  penetrate  the  entire  abutments  and  the 
reservoir  rim.  The  deep  bedrock  channel  which  had  a base  level  of 
elevation  430±  undoubtedly  aided  in  the  solution  process  of  these 
limestones.  Thus  the  abutments  will  require  grouting  into  the 
Golconda  Shale. 

c.  Numberous  old  slides  were  noted  on  the  left  abutment, 
primarily  in  the  Hardinsburg  Formation.  A conduit  on  the  left  bank 
would  be  subject  to  slides  from  above.  The  conduit  should  be  notched 
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into'  the1- Wight  abutment .•  -Top  of-thi-Sig  Cliffy  Sands ton'e'  in- the  right 
abutment  is  elevation  475.  The  sandstone  is  hard,  fairly  well 
cemented  and  will  make  a good  foundation  for  the  conduit.  In- 
vert elevation  for  the  conduit  is  481.1. 


d.  Spillway.  The  spillway  will  be  located  in  the  vicinity 
of  station  20  as  shown  in  plan  on  plate  E-23.  The  crest  will  be  in 
indurated  clay  of  the  Hardinsburg  Formation  as  can  be  seen  on  the 
geologic  profile  of  the  dam  and  spillway,  plate  E-25.  The  upper 
portion  of  the  spillway  rock  cut  will  be  in  the  glen  Dean  Limestone. 
Large  mud  seams  should  be  expected  in  the  limestone  but  where  it  is 
unweathered , the  limestone  will  be  sound  and  could  be  used  for  facing 
on  the  dan.  T,here  exposed  to  weathering,  the  indurated  clay  at  the 
crest  will  completely  brea!  down.  A 5G~foot  wide  concrete  sill  will 
be  required  at  the  crest  to  provide  a constant  550  elevation.  Spill- 
way excavation  will  have  one  horizontal  on  4 vertical  slopes  in 
bedrock  and  3 horizontal  on  one  vertical  slope  in  soil.  A lC-foot 
berm  will  be  required  at  top  of  rock. 


e.  Dike.  Plate  E-26  shows  a geologic  profile  of  the  dice 
based  on  boring  made  by  the  Indiana  Flood  Control  and  Later 
Resources  Commission.  Drill  logs  were  not  available  and  the  in- 
formation is  based  on  verbal  communication  with  the  Flood  Control 
Commission.  In  the  dike  area,  the  Glen  Dean  Limestone  has  been 
dissolved  or  eroded  away  and  replaced  by  gray  and  brown  silty  clay 
which  is  fairly  firm  and  impervious.  The  dike  will  be  founded  on 
the  silty  clay  after  the  organic  material  has  been  stripped  off. 
Undistrubed  samples  will  be  drilled  in  the  dike  during  the  design 
exploration  stage.  The  left  abutment  of  the  dike  is  composed  of 
poorly  cemented  Mansfield  Sandstone.  All  but  the  lower  6 feet  of 
Glen  Dean  Limestone  has  been  stripped  off.  According  to  the  driller 
the  lower  19  feet  of  the  Mansfield  Sandstone  in  BH-23  was  rotten, 
soft  with  loose  sand  and  quick  in  the  lower  portion.  In  the  dike 
area,  the  Glen  Dean  Limestone  is  full  of  solution  channels.  It  is 
believed  that  a triple  grout  curtain  will  effectively  seal  this 
interval . 


The  dam  will  primarily  be  constructed  of  rock  excavated  from 
the  spillway  and  soil  from  the  left  abutment  borrow  area  in  addi- 
tion to  miscellaneous  materials  required  for  the  drain  and  graded 
aggregate  zones.  Top  of  dam  width  will  be  30  feet  at  elevation 
565.  The  downstream  slope  will  be  a constant  1 on  3.  Upstream 
slopes  will  be  as  follows: 

Elev.  5§5  to  Slevt  -55G  - 1 on  2.5 

Below  Elev.  55C  1 on  3.5 


The  upstream  slope  will  be  protected  against  wave  action  by 
an  18-inch  thickness  of  riprap  on  9 inches  of  bedding  above 
elevation  501.  Downstream  slope  protection  would  be  provided  by 
placing  selected  limestone  in  downstream  face  of  the  ton  fill 
section.  A blanket  or  transition  zone  will  be  . rovided  between  the 
impervious  material  and  rock  fill  by  a 5-foot  horizontal  width  of 
filter  graded  drain  material  and  a 
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graded  aggregate  zone  also  5 feet  wide.  A section  is  shown  on  plate 
E-24-  It  is  planned  to  place  the  rock  excavated  from  the  spillway  in 
2 foot  lifts  within  the  dam  and  compact  by  4 passes  with  a 50  ton 
rubber  tire  roller.  Soil  will  be  placed  in  8 inch  lifts  and  compacted 
to  at  least  95  percent  Standard  Density. 

29.  DIKE. 

The  dike  will  be  constructed  of  soil  obtained  from  the  borrow 
area  located  between  the  dam  and  the  dike.  The  top  width  will  be 
30  feet  at  elevation  565,  side  slopes  are  1 on  3.  The  upsteam  slope 
will  be  protected  with  18  inches  of  riprap  over  9 inches  of  bedding. 

A sloping  and  horizontal  drain  will  be  utilized  for  internal  water 
control.  Top  of  the  drain  will  be  at  elevation  550  and  will  be 
placed  on  a slope  of  1 vertical  on  1.5  horizontal.  The  sloping 
drain  will  discharge  into  a horizontal  drain  2 feet  thick  which  will 
exit  seepage  at  the  downstream  toe  of  the  dike.  The  downstream  slope 
will  be  protected  by  turf.  Compaction  will  be  to  at  least  95% 

Standard  Density.  This  will  be  accomplished  by  placement  of  soil  in 
8 inch  lifts  with  compaction  by  at  least  6 passes  with  a tamping  roller. 

30.  GROUND  WATER  AND  RESERVOIR  TIGHTNESS. 

a.  Right  abutment  and  right  bank  drainage  divide.  Static  water 
has  been  plotted  on  the  geologic  profile  prepared  by  the  Flood 
Control  Commission.  The  water  table  has  high  and  low  peaks  but 

the  effective  water  table  is  elevation  500+  from  the  right  abutment 
to  BH-9.  The  north-south  ravines  in  the  NW  1/4  Sec.  1 and  the  W 1/2 
Sec.  12  represent  one  of  the  dominant  joint  directions.  Purdue 
Forage  Farm  wells  1,  2,  and  5 and  BH-9  which  are  located  in  the 
alignment  of  these  two  ravines  have  low  static  water  elevations,  500+ 
thus  indicating  solution  through  the  Golconda  Limestone  along  the 
N-S  joint.  Northeast  of  the  N-S  ravine  the  water  table  rises 
rapidly  and  is  well  above  the  top  of  dam.  Thus,  from  the  right  abut- 
ment to  the  above  mentioned  N-S  ravines,  there  will  be  considerable 
leakage  when  the  pool  is  above  elevation  500.  The  leakage  would  be 
in  the  form  of  springs  in  George  Creek  and  possible  springs  or  seeps 
downstream  from  the  dam. 

b.  Left  abutment  of  the  dam  and  dike  area.  The  Glen  Dean 
Limestone  in  the  left  abutment  and  dike  area  "Has  numerous  solution 
joints  and  cavities.  Ground  water  under  the  left  aubtment  stands 
at  elevation  490,  in  the  Golconda  Limestone.  Somewhere  between 
BH-17  and  BH-20  static  water  raises  to  elevation  531.  The  Flood 
Control  Commission  does  not  have  any  water  readings  or.  BH-18  and 
BH-19A . The  water  table  is  elevation  522  beneath  the  dike  and  510 
in  BH-24  some  600  feet  into  the  hill  from  the  left  abutment  of  the 
dike.  Thus,  based  on  the  present  information,  there  is  not  a 
positive  high  water  table  in  the  left  abutment  of  the  dike  to  grout 
to. 
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31.  GROUTING. 


No  grouting  will  be  required  in  the  valley.  In  estimating  the 
amount  of  grouting  necessary,  the  estimate  has  been  broken  into  two 
categories:  grouting  to  protect  the  structures  and  grouting  to  hold 

a pool.  The  degree  of  solution  at  the  Patoka  site  is  similar  to  that 
at  Nolin  Reservoir  where  the  Glen  Dean,  Hardinsburg  and  Golconda 
Formations  form  the  abutments.  A triple  grout  curtain  was  used 
effectively  at  Nolin.  The  outer  lines  use  a sand-cement  mix.  After 
these  lines  are  grouted  the  centerline  of  neat  grout  is  used.  It  is 
proposed  to  use  a triple  grout  curtain  from  the  dike  to  the  spillway 
and  a single  curtain  into  the  drainage  divides. 

a.  Triple  grout  curtain  to  protect  the  structures.  The  follow- 
ing assumptions  have  been  made  in  estimating  the  cost  of  grouting:  The 

top  of  the  curtain  would  be  elevation  565,  top  of  dam.  The  base  of 
the  curtain  would  be  in  the  shales  beneath  the  Golc  onda  Limestone  with 
the  exception  of  the  dike  area  which  can  be  steppec  up  into  the 
Hardinsburg  Formation.  Grout  consumption  is  assumed  at  3 sacks  of 
cement  per  linear  foot  of  drilling  in  the  grout  zone  with  an  average 
spacing  of  10  feet  between  grout  holes.  It  is  estimated  that  grout 
can  be  placed  at  $2.50  per  sack  and  the  cost  of  EX  drilling  at  $2.00 
per  foot.  Estimated  cost  of  drilling  and  grouting  to  protect  the 
structures  is  $2, COO, COO. CO. 

b.  The  same  assumptions  were  made  for  the  single  line  curtain 
into  the  drainage  divides  to  insure  a pool.  Estimated  cost  of  grouting 
-is  $560  , CGC  .00*. 

32.  SOURCES  OF  CONSTRUCTION  MATERIALS. 

a.  General.  Table  3 below  shows  the  origin  and  distribution 
of  all  major  construction  materials.  Rock  will  be  excavated  from 
the  spillway  which  will  be  utilized  as  follows: 

Random  rock  fill  zones  of  the  dam. 

Soil  for  construction  of  the  dam  and  dike  will  be  obtained  from  the 
borrow  area  located  on  the  hilltop  between  the  dam  and  dike.  Approxi- 
mately 750,000  cubic  yards  of  borrow  are  available  here.  Materials 
required  for  construction  of  the  drains,  bedding  layers  and  graded 
aggregate  zones  will  be  obtained  commercially. 
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TABLE  3 

PATOKA  RESERVOIR 

ORIGIN  AND  DISPOSITION  OF  CONSTRUCTION  MATERIALS 


Feature 

Sub-Feature 

Quantity 
Cu.  Yds. 

Origin  & 
Disposition 

Spillway 

Excavation,  Soil 

417,800 

Place  suitable  in  dam. 
Use  all  other  in 
blanket. 

Excavation,  Rock  / 

436,000x1.20= 

523,000 

Place  in  dam. 

Conduit  & 
Channels 

Excavation,  Soil 

20,400 

Place  suitable  in  dam. 
Use  all  other  in 
blanket. 

Excavation,  Rock 

950 

Place  in  dam. 

Dan 

Stripping  and  Trenching 

110,300 

Use  suitable  in  dam. 
All  other  in  blankets. 

Borrow 

348,000 

Obtain  from  borrow 
areas  and  required 
const. 

Riprap 

18,800 

Obtain  commercially. 

Graded  Aggregate 

18,475 

Obtain  commercially 
manufactured  material. 

Drain  Material 

18,475 

Obtain  commercially 
manufactured  material. 

Bedding 

9,200 

Obtain  commercially 
natural  or  manu- 
factured material. 

Dike 

Stripping  and  Trenching 

14,400 

Place  suitable  in 
dike  - Place  all  other 
in  upstream  blanket- 
dam. 

Borrow 

161,000 

Obtain  from  borrow 
areas  and  req'd  const. 

Riprap 

6,2C0 

Obtain  commercially. 

Bedding 

3,100 

Obtain  commercially 
natural  or  manu- 
factured material. 
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Approx 


BROWN,  WEATHERED,  FINE  GRAIN,  SOFT,  FRIABLE 


>ORLY  CEMET'ED  NUCACEOUS^  S*$AUY  L AMiINATTED 


GRAY,  FINE,  GRAIN  SOFT  FRIABLE  POORLY 
CEMENTED  , MiCACEOWS  SR ALY : LAMINATED 


LEFT  ABUTMENT 


n 

I 

— 

— 

DC- IOC 

— 

— 

1 

TOP  OF  PAM 


t,  poorly 

LA*A'  RAT  C.D 


•and  Silt  y . brown  « 5 

LOOSE  i INC  GRAiNEP 


VERY  SOFT 


MALI 


PARK  G.RAY  ' i AY' 
■ HALL  GOET  £ WEATHERED 


LIMESTONE  • IjRAY  HARD  S.l&MTLY  C RYSTall  nE  SMAlY 


■ RAY  MEDIUM 


SAN  PS  TONE  *ShALV  MiCACEOuS  ,RA>  r-.NC 
GRAINED,  SILTY 


GRAY.  MAJRD  ARGlv-L^  EOl/S 
"dmTKa  harp 


PROFIl  F. 


scale 
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\n  RTICAL  r tO'  O' 


— 

, 

i 

i 

h" 

' 

E 

x“r  r 
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Approx  i 

i 
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ij 

~=-  - 

=Fl^=: 

i rir. . C 

-- 

Kg-P 

• 5 ‘ » 

! 

: : 

r - 

- -H 

• L 

KOLt-2fo 


COARSE  BROWN 

SAND  WIT*  BOWL 01 


BROWN  - GRAY  CEKrtfcNTtOS  IL-T  SAND 
ANO  CLAY  ORY  MOiST  VERY  FlRWY 


Ci RAT  Tine  TO 
COARSE  SAND 


•APPROXIMATE  TOP  OF,  ROCK 


GOAV  Mf  DlUM 


SANOSTONl'1  POORLY,  CEMENTED 


IEL  N mOW-E 


LIGHT  Gt^AT  SlLTV  SHALE  CALCAREOUS 


SOFT  TO  MEDIUM  HARP 


T WE  ATMERED 


l'MESTONE  CiRaY'hARD  S.i&hTLY  CRYSTALLINE  SMAl-t 


IUM  HARD  SWALE 


RIGHT  ABUTMENT 


tone-  shalv.  micaceous  .ray  fi*e 

:0.  SILTY 
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DESIGNED  BY  HE  T 


TRACED  BY  K E N 


TR  ORAVLL  MOIST  FIRM 


BROWN  SiLTY  6ANI 


PlLUYWAY  CRL$: 


GRAY  SANt)Y  SILTY  Cl 


Tp  GRAVE  L MOIST  FIRM 


W .MOIST  DAMP  FIRM 


1700 


1300 
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U S ARMY  ENGINEER  DISTRICT.  LOUISVILLE 

COUPS  Of  [NCXtIS 

loubviux  cfMTuarr 


LINCOLN  RESERVOIR 

EMBARRASS  RIVER , ILLINOIS 


BORING  LOGS 

SHEET  2 


AmovM  new 


PLATE  E-7 


WAR  DEPARTMENT 


HOLE  NO.  I 


SURFACE  ELEVATION  6399 


TILL,  cloy,  sand  and  gravel 
in  vorying  proportions,  brown, 
compact,  medium  hard 


TILL,  clay,  sand  and  grovel 
in  varying  proportions, 
gumbo,  bluish  grey,  com- 
pact, hard. 


CLAY,  stiff,  dark  brown,  little 
silt  and  sand 

SAND,  medium  hord,  fine,  brown, 
little  clay 

CLAY,  stiff,  light  to  dark  brown. 

SHALE,  silty,  grey,  very  soft, 
highly  weathered. 

SHALE,  soft,  black, siltv,  car- 
bonaceous, very  soft. 

-TOP  OF  ROCK  ELEV.  566.6  — 

SHALE,  sondy,  medium  hord 

SHALE,  soft,  grey  cloy. 


SANDSTONE,  with  silty  shale 
interbedding,  medium  hard, 
brown,  grey  shale. 


m COAL,  sholy. 


SHALE,  grey,  soft  to  medium 
hard,  with  thin  layers  of 
argillaceous  limestone. 


LIMESTONE,  hord,  grey. 


BOTTOM  OF  HOLE  ELEV  505.9- 
DEPTH  OF  HOLE  134  4' 

OEPTH  OF  OVERBURDEN  73  3 
FEET  COREO  6 ».!' 

PERCENT  CORE  RECOVERY  72  5 


Newton  cyclothem| 
of  post-Alleg- 
henian  of  the 
Pennsylvanian 
system. 


HOLE  NO  2 


[surface  ELEVATION  6^7  3 

3 

1 

|| 

sand  and  grovel  in  vorying 

Wisconsin 

It 

amounts,  hard,  bluish  to 

2 

| 

grey. 

to  -1 

It. 

: 

1 

TILL  . compoct  mixture  of  clay, 

- 

H 

sand  and  gravel  in  vorying 

amoun ts,  hard,  weathering 

1 

to  a brownish  yellow  near 
the  bedrock. 

40  “ 

1 

I 

1 

30 

J 

SANDSTONE,  soft,  weathered, 

grey  to  yellow 

60 

70  ~ 

Newton  cyclothem 

- 

Post-Alleghemon 
of  Pennsylvanion 

so  : 

system 

— 

CREVICES,  four  openinas  total- 

r 

ling  2.7  feet,  all  moterial 

90 

S 

lost. 

LIMEJSTONf . hord.  sandv 

S3 

SANDSTQNf.  arey.  shattered 

- 

LIMESTONE 

100  - 

SHALE,  hord,  block  to  grey, 

: 

calcareous. 

Z 

g 

SHALE,  grey  1o  reddish  brown, 

'19 

hard  to  medium  hord 

; 

depth  OF  HOLE  HOB' 

DEPTH  OF  OVERBURDEN  47  3' 

.20 

FEET  CORED  63.5' 

; 

PERCENT  CORE  RECOVERY  50  2 
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Newton  cyclothemj 
! Post -All*  Qhemon 
[Of  Pennsylvonion 
system 


HOLE  NO.  3 


SURFACE 

ELEVATION  548  4 

- 

g 

SILT,  cloyey,  dork  brown 

JO 

SAND,  some  silt  ond  cloy, 
brown,  woter  bearing 

Alluvium 

I 

—TOP  OF  ROCK  ELEV  532  1 

,0 

SHALE,  soft,  grey,  calcareous 

_ 

hackley  fracture 

>0  ~ 

s 

E 

SHALE,  soft,  areenish  qrey, 
slip  trocture.colcareous. 

Newton  cyclothem. 

: 

SHALE,  siltstone.  non-colcor- 

Post-Alleghenian 

«e  : 

It 

eous  with  limestone  nodules 

of  Pennsylvanian 
system 

30 

1 

LIMESTONE,  argillaceous, 
shole  partings,  medium 
soft 

SHALE,  greenish  to  dork  grey. 

- 

silty,  calcareous,  fossilized 

60 

- 

SHALE,  non-calcoreous,  grey. 

^=r 

medium  hard 

B 

“BOTTOM  OF  HOLE  ELEV  4778' 

is  : 
*>  - 

100 

DEPTH  OF  HOLE  706' 

DEPTH  OF  OVERBURDEN  16.3' 
FEET  CORED  54  3' 

PERCENT  CORE  RECOVERY  82.9 

HOLE  NO.  4 


(surface  ELEVATION  548  4 

: 

LOAM,  soft,  silty,  cloyey 

SAND,  coarse,  brown  at  top  ond 

JS_ 

bottom,  grey  between,  with 

i| 

smoll  to  medium  grovel, some 

Alluvium 

- 

!j 

silt  at  bottom 

?o  1 

1 

SHALE,  grey , cloy  , weathered 

- 

’ LIMESTONE,  dork  grey  weath- 

— 

/ ered,  soft. 

- 

-TOP  OF  ROCK  ELEV  5 21  2 

IS 

~= 

SHALE,  brown  to  grey  clay. 

- 

=^= 

weathered , soft 

— 

- 

LIMESTONE,  blue  to  grey,  hard, 

: 

slightly  weothered,  clay 

— 

g 

scorns,  top  l’  soft 

.30  ~ 

SHALE. hord.  sound,  grey,  cloy 

: 

s 

Newton  cyclothem. 

— 

Post-Alleghenian 

: 

of  Pennsylvanian 

so: 

SHA_^E,  hord.  sound,  block, 

system 

J 

cloy,  carbonacaou » 

IP  _ 

80 

-i 

-BOTTOM  OF  HOLE  ELEV  461  9- 

vs 

DEPTH  OF  HOLE  86  5' 

■ 

DEPTH  OF  OVERBURDEN  27  2' 

FEET  CORED  59.3' 

- 

PERCENT  CORE  RECOVERY  850 

•op  - 
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PLATE  E-8 


WAR  DEPARTMENT 


1 


HOLE  NO.  5 


HOLE  NO  6 


SURFACE  ELEVATION  547  J 


SILT,  clayey,  soft,  damp,  brown, 

grading  into  sand  at  lO.O'.  Alluviun 


SHALE,  very  soft,  blue,  sandy 
at  top 


SHALE,  silty,  blue,  calcareous, 
limestone  nodules,  soft, 
highly  weothered 


-TOP  OF  ROCK  ELEV.  515  5 

LIMESTONE,  groy,  interbeds  of 
soft  shol'y  hard,  sound 

SHALE,  silty,  calcareous,  med- 
ium hord,  gray 


Classed  as 
Overburden 


I surface  elevation  5586 


£LAY.  Stitt,  ploslic,  mottled 
brown  8 groy.  Silty 


SAND,  ond  grovel 
-TOP  OF  ROCK  ELEV  5440 
SHALE,  gray,  cloy,  soft 


LIMESTONE . gray,  shol'y.  sound,  j 
hord 

SHALE . sandy,  soft,  badly 
weathered 

SHALE,  groy  ond  brown,  inter- 
bedded  with  gray  shol'y  lime- 
stone, hard  a fairly  sound 

LIMESTONE,  bluish  groy,  hard 
and  sound 


Newton  cyclothem, 
Post-Aiieghenion 
ot  Pennsylvoman 
system 


SHALE,  cloy,  hard,  sound  black, 
carbonaceous,  non-calcoreous, 
fossiliferous 


SHALE,  gray  cloy,  calcareous, 
hard  and  sound 


SHALE,  black  cloy,  hard, 
sound,  carbonoceous 


Newton  cyclothem, 
Post -Alleghenian 
of  Pennsylvanian 
system 


-BOTTOM  OF  HOLE  ELEV  468  1- 
DEPTH  OF  HOLE  70.5 

DEPTH  OF  OVERBURDEN  I 4 6' 

FEET  CORED  55.9' 

PERCENT  CORE  RECOVERY  90.8 


LIMESTONE,  argillaceous,  groy, 


SHALE,  silty,  groy,  cross-tom- 
inoted 


SHALE,  black,  sandy,  medium 
hard 


-BOTTOM  OF  HOLE  EL  414  8 

DEPTH  OF  HOLE  132.5' 

DEPTH  OF  OVERBUROEN  31.8' 
FEET  COREO  100  7' 

PERCENT  CORE  RECOVERY  95  6 
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Newton  cyclothem, 
|Post-Aiieghemon 
of  Pennsylvamon 
system 


HOLE  NO  7 


HOLE  NO  8 


SURFACE  ELEVATION  6190 


f 


SILTY  LOAM,  dork  brown 


SILT,  clayey,  fiord,  compact, 
grey 


TILL,  cloy,  sand,  grovel,  in 
varying  proportions  tightly 
compacted,  hard,  gray,  loose- 
ly pocked  at  bottom 


SAND,  coarse,  Silty  in  top  10', 
very  fine,  gray  and  brown, 
micaceous,  (Highly  weathered 
sandstone  ). 


-TOP  OF  ROCK  ELEV  5480- 


SHALE,  Clay,  gray,  hard, sound, 
slightly  weathered  at  top, 
carbonoceous  between  El 
542-538  mottled  groy  8 
brown  from  El  532-522 


LIMESTONE,  shal'y,  light  blui- 
sh gray,  medium  hard  to 
hard 


SHALE . clay,  hord,  gray  to 
black 


-BOTTOM  OF  HOLE  ELEV  499  0- 
DEPTH  OF  HOLE  1200 

DEPTH  OF  OVERBURDEN  70  2 
FEET  CORED  498 

PERCENT  CORE  RECOVERY  88  0 


Newton  cyclothenrj 
Post  -Alleghenian 
of  Pennsylvamon 
system 


SURFACE  ELEVATION  632  5 

mr\ 


-W 


S 


-'H 


i;v 

£i 


& 


TILL . cloy,  sand  and  grovel  in 
varying  proportions, compact, 
medium  hord  to  hard,  colcor  - 
eous  ’'gumbo'' 


SAND,  grayish,  silty,  coorse, 
probably  lenticular  deposit 


TILL,  cloy,  sand  and  grovel  in 
varying  proportions,  compact, 
medium  hord  to  hord,  calcar- 
eous "gumbo" 


-TOP  OF  ROCK  ELEV  562  9 

SANDSTONE,  soft,  tonmsh  grey, 
coarse,  mrcoceous 


SHALE,  gray  to  very  dork  gray, 
medium  soft  to  hard,  mico- 
ceous,  fossi liferous,  calcar- 
eous 


SHALE,  with  limestone  interbeds 
ond  nodules,  gra  y,  medium 
soft 


SHALE,  grey  mo 1 1 led,  cloyey 
to  silty  of  bottom,  non-col- 
careous 


LIMESTONE,  shal'y,  gray 


SHALE  . gray,  hord,  silty,  col- 
coreous 

-BOTTOM  OF  HOLE  ELEV  507  5 
DEPTH  OF  HOLE  125  0* 

DEPTH  OF  OVERBURDEN  69  6 
FEET  CORED  554 

PERCENT  OF  RECOVERY  852 


Newton  cyclc- 
them  of  the  post-| 
Alleghenian  of 
the  Pennsylvan- 
ian system. 
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PLATE  E-9 


-j 

- 


HOLE  NO  9 


surface  elevation  631  e 

KM  U2"*  " 


HOLE  NO  10 


surface  elevation  566  4 


TILL,  cloy,  tend  ond  grovel  in 
varying  proportions,  g re y to 
bluish  grey 


CLAY,  blue,  medium  soft 
GRANITE . boulder 

TILL,  cloy,  send  and  gravel  in 
vorytng  proportions,  grey  to 
bluish  grey 


TILL,  silty  cloy  with  small 
bouldoro,  brown,  compact 


-TOP  OF  ROCK  ELEV  5510 

-Woter  Toble 

SHALE,  cloy,  soft  ond  weother- 
ed  to  elevation  549  0 mod 
hard,  varying  in  color  from 
grey  to  almost  black,  with 
some  greyish  brown 


-TOP  OF  ROCK  ELEV  585  I - 
SHALE . soft,  grey 


LIMESTONE . fresh  water  lime, 
medium  soft,  shol*y,  badly  bro- 
ken m core,  grey,  sound  below 
El  5150 


SANDSTONE,  soft,  greyish,  mico- 


SHALE.  silt,  colcoreous,  grey, 
hord. 


SHALE,  hard,  grey,  cloy,  car- 
bonoceous 


Newton  cyclothem, 
Post-Alleghenion 
of  Pennsylvanian 
system 


SHALE,  dork  grey,  hord,  sound, 
carbonaceous,  pyritic  below 
El  4650 


Newton  cyclothem 
Post-Alleghenion 
| o f Pennsylvomon 
system 


SHALE,  soft,  grey  to  black 

00 BOTTOM  OF  HOLE  ELEV  5318- 

OEPTH  OF  HOLE  100.0' 

DEPTH  OF  OVERBURDEN  46  7' 
FEET  CORED  53.3 

LK)  PERCENT  CORE  RECOVERY  778 

___  HOLE  NO  13 

SURFACE  ELEVATION  562  5 

aTl  LL,  silt,  sondy  with  some 
smoll  grovel 


LIMESTONE,  grey,  hord,  fossil- 
iferous. 

SHALE,  grey,  hord,  sound,  cal- 
careous, fossiliferous 

SANDSTONE,  grey,  hord,  fine 
groined,  micaceous 


1^— TOP  OF  ROCK  EL  542  5 

- 

SHALE,  cloy,  grey,  med  soft 
to  soft 

»o 


New  ton  cyclofhemJ 
Post- Alleghenian 
of  Pennsylvonlon 

system 


SHALE,  groy,  hord,  sondy 
LIMESTONE,  grey,  shol’y,  hard, 
argillaceous 

SHALE  . cloy,  dork  grey,  med 
soft,  corbonaceous 
-BOTTOM  OF  HOLE  ELEV  4202- 
DEPTH  OF  HOLE  146.2' 

DEPTH  OF  OVERBURDEN  15.4 
FEET  CORED  1 30 8 

PERCENT  CORE  RECOVERY  92  3 


LIMESTONE,  grey,  sholy,  med 
hard,  broken,  fossiliferous 


SHALE,  dork  grey,  med  hord 

~ BOTTOM  OF  HOLE  ELEV  506  5- 
DEPTH  OF  HOLE  560 

DEPTH  OF  OVERBURDEN  2Q0 
FEET  COREO  360 

PERCENT  CORE  RECOVERY  850 


Wisconsin 


lew ton  cyclothem 
Mt- Alleghenian 
f Pennsylvanian 

ystem 
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HOLE  NO  II 


SURFACE  ELEVATION  548  9 


1 . 1 i 1 1 ! 

n 


r\» 


SANO.  silty,  brown,  loose,  fine 
grained 
'ater  Table 


SAND  AND  GRAVEL,  silty 
-TOP  OF  ROCK  ELEV  526  5- 

Shale,  clay,  dork  grey,  soft, 
weothered 


LIMESTONE,  shafy,  grey,  bro- 
ken obove  el  5134 

SHALE,  colcoreous.  silty,  grey, 
med  hard 

-BOTTOM  OF  HOLE  ELEV  502  7-) 
DEPTH  OF  HOLE  46.2' 

DEPTH  OF  OVERBURDEN  22.4' 
FEET  CORED  23.8' 

PERCENT  CORE  RECOVERY  82.0 


Newton  cyclothem 
Post-Alleghenion 
|of  Pennsylvanian 
system 


HOLE  NO.  12 


SURFACE  ELEVATION  552  I 


I 


ALLUVIUM,  sand  and  silt, small 
gravel 


-TOP  OF  ROCK  ELEV  5319- 
SHALE 


LIMESTONE,  grey,  med  hard, 
shal  badly  broken 


SHALE,  silty,  grey,  med  hard, 
calcareous 


SHALE,  cloy,  dork  grey,  med 
hard. 


-BOTTOM  OF  HOLE  ELEV  4771— | 
DEPTH  OF  HOLE  75.0' 

OEPTH  OF  OVERBUROEN  202' 
FEET  CORED  54  0' 

PERCENT  CORE  RECOVERY  840 


Newton  cyclothem, 
iPost'Alleghenian 
Jof  Pennsylvanian 
system 


HOLE  NO.  14 
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PLATE  E- 10 


WAR  DEPARTMENT 


HOLE  NO.  15 


SURFACE  ELEVATION  5590 


A.  mViyH,  sill  with  som«  sond 
and  small  gravel 
-Wafer  febfa 


-TOP  OF  mx*  £<_£V  M4«- 


t"*V>  broAes 

•kON  if  Ml  5 MMk  befew 

c<.  s«  s 

SH*L£.  •**,  i.«m  gray,  sound, 

mad  hard 


•lay,  44fk  fray,  med 


Nawtan  cyctothem, 
Post -Alleghenian 
of  Pennsylvanian 
system 


LIMESTONE 

SHALE,  silt,  light  grey,  med 
hard,  calcoreous 


SHALE . lime,  calca  reous,  hard, 
grey 


SANDSTONE.  sholV  fine 
groined,  grey. 


SHALE,  lime,  med.  hord,  grey. 


SHALE,  clay,  med  hord,  gray 


-BOTTOM  OF  HOLE  ELEV  438  5“ 
DEPTH  OF  HOLE  120.5' 

DEPTH  OF  OVERBURDEN  24.4' 
FEET  CORED  96.1* 

PERCENT  CORE  RECOVERY  96.0 


HOLE  NO  16 


surface  elevation  552  2 


OVERBURDEN,  alluvium  and  tal- 
us, silt,  sond  and  small  gravel, 
clayey  (0.5‘  of  soft  shale  cov- 
ering limestone  } 


-TOP  OF  ROCK  ELEV  533.3  — 
LIMESTONE,  grey,  hard,  bro- 
ken oboue  El  530.5 
SHALE.  siMy,  grey,  med  hard, 
calcareous 


SHALE,  clay,  dark  grey,  med. 
hord,  sound 


Newton  cyctot hem 
Post- All  egLon  ion 
of  Pennsylvanian 
system 


-BOTTOM  OF  HOLE  ELEV  491.9- 
DEPTH  OF  HOLE  603’ 

DEPTH  OF  OVERBURDEN  18.9' 
FEET  CORED  414' 

PERCENT  CORE  RECOVERY 90  0’ 


HOLE  NO.  17 


SURFACE  ELEVATION  5670 


OVERBURDEN,  giaciol  till, 


-TOP  OF  ROCK  EL  541  7 

SHALE,  silty,  very  soft,  grey 


LIMESTONE,  grey,  argilloceous, 
very  badly  broken  above 
El  534  0 

SHALE,  clayey,  grey,  med  hord, 
calcoreous 

-BOTTOM  OF  HOLE  ELEV.  525.8- 
DEPTH  OF  HOLE  41.2' 

DEPTH  OF  OVERBURDEN  25.3' 
FEET  CORED  1 5.9' 

PERCENT  CORE  RECOVERY  65.0 


Newton  cyclothem, 
Post-Alleghemon 
of  Pennsylvonion 
sys  tern 


\ -BOTTOM] 
I DEPTH  ^ 
| DEPTH 
FEET  i 
| PERCE  , 


HOLE  NO  22 


CORPS  OF  ENGINEERS,  U S.  ARMY 

HOLE  NO.  21 


Newton  cydothmw 
Peet-Allegl*enio* 
of  Peonsylvoman 
|«y*te«R 


Newton  cyclothem. 
Post-Alleghemon 
of  Pennsylvanian 
lysfem 
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PLATE  E — II 


ll 


we 


WAR  DEPARTMENT 


Wisco  nsm 


fton  cyclothem) 
■Alleghenion 
Pannsylvonion  i 

Sttrn 


HOLE  NO  25 


HOLE  NO  26 


WABASH  RIVER  BASIN 
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EMBARRASS  RIVER,  ILLINOIS 

FOUNDATION  EXPLORATIONS 

CORE  BORING  LOGS 

SHEET  5 OF  9 SHEETS 

U S ENGINEER  OFFICE,  LOUISVILLE,  KY 


PLATE  E-12 


•too  cyclothemj 

st  - Alleghenian  | 
Pennaylvonion  I 

•ystam 


Glacial  Till 
(Wisconsin) 


iwton  cyclothem, 
st  Alleghenion 
Pennsylvonion 

ftystsm 


HOLE  NO  27 


SURFACE  ELEVATION  S52  6 


1 

ALLUVIUM,  slit,  sandy  with 

small  to  med  gravel 

to 

Water  tobie 

|| 

20 

tin 

-TOP  OF  ROCK  ELEV  5306 

-TT 

SHALE . grey,  very  soft,  weothereC 

L/MESTONE.  grey.  hard,  argil- 

so 

& 

1£l 

loceous,  sound  below  El  524  5 

Newton  cyclothem, 

SHALE.  Silt,  grey,  med  bard 

Post-Aiieghenion 

lot  Pennsylvonion 

“= — 

system 

SHALE,  clay.  grey,  med  hord 

40  ~ 

f i 

DEPTH  OF  HOLE  45  9' 

DEPTH  OF  OVERBURDEN  22  0‘ 

QAT  TAAi  OC  uAl  C Cl  A AC  y 

“BUI  lUm  Ur  HULt  tL  ?UD  ' 

SO 

FEET  CORED  239' 

PERCENT  CORE  RECOVERY  02 

HOLE  NO.  30 


SURFACE  ELEVATION  57u 

■ 0 - | 

l dll 

Glacial  Till 

-jj 

{ 

| 

(Wisconsin) 

72 

8 

* M 

ft-  Water  tobie 

70  2 

u 

| 

-§ 

JO  - 1 

r LIMESTONE,  gray,  argillaceous. 

- T 

£ med  hard,  sound  below  El 

Newton  cyclothem 

r 537  7. 

Post  -Alleghenian 
of  Pennsylvonion 

10  - - 

system 

SHALE,  silt.  Iiqhf  qrey.  med 
hard,  sound,  calcareous 

SHALE,  clay,  dark  arev.  med 
hard,  sound 

SO  - 

BOTTOM  OF  HOLE  EL  5197 

DEPTH  OF  HOLE  514' 

DEPTH  OF  OVERBURDEN  242' 

60 

FEET  CORED  27  2' 

PERCENT  CORE  RECOVERY  82 

HOLE  NO.  32 


| SURFACE  ELEVATION  5550 

UT 

till 

Glacial  Till 

( F 

(Wisconsin) 

it 

Water  tobie. 

20 

rr-r 

SHALE,  very  soft 

r!  i j 

LIMESTONE,  qroy.  oratlloceous. 

Newton  cyclothem, 

hord,  sound 

Post-Allegheman 

SHALE,  silt.  qrey.  med  hord. 

of  Pennsylvonion 

sound,  calcareous 

system 

JO  - 

— 

SHALE,  cloy,  dark  grey,  med 

ho  rd,  sound 

40 

DEPTH  OF  HOLE  370' 

DEPTH  OF  OVERBURDEN  190' 

FEET  CORED  ISO* 

PERCENT  CORE  RECOVERY  89 

so 





HOLE  NO.  31  1 


1 SURFACE  ELEVATION  5572 

SI 

TILL,  sond,  cloy  ft  grovel,  in 
t varying  proportions 
1 Water  table 

Wisconsin 

10 

i| 

20 

JO 

25 

w 

—TOP  OF  ROCK  ELEV  5435 

SHALE,  arev.  soft 
LIMESTONE. med  hard. arailla - 
ceous 

SHALE,  very  soft,  grey,  cloy, 
calcoreous 

LIMESTONE,  med  hord.  orev 

Newton  cyclotherr\ 
Post  -Alleghenian 
of  Pennsylvonion 

- 

SHALE,  med  hord.  dork  arev. 
silty  at  top,  sound  ot  con- 
tact 

system 

40  - 

E# 

BOTTOM  OF  HOLE  EL  515  7 

OEPTH  OF  HOLE  41.5' 

DEPTH  OF  OVERBURDEN  13.7' 

50  " 

FEET  CORED  27.8' 

- 

PERCENT  CORE  RECOVERY  67 

HOLE  NO.  28 


SURFACE  ELEVATION  5538 

io  - ! ' 

ALLUVIUM.  Silt,  very  sondv 

_ ; 

;;  — Wafer  tobie 

20  - 

| 

— TOP  OF  ROCK  EL  527  7 

JO  ^ 

5 LIMESTONF.  are*  med  hord 

Newton  cyclotheiT 

— xi 

Post  - Alleghenian 

-%•  SHALE,  med  hard,  dork  arev. 

of  Pennsylvonion 

sound,  clay 

system 

40  “ — 

BOTTOM  OF  HOLE  EL  514  4 

DEPTH  OF  HOLE  394' 

depth  OF  OVERBURDEN  26. r 

= 

FEET  CORED  13.3' 

SO  - 

PERCENT  CORE  RECOVERY  93+ 

WABASH  RIVER  BASIN 

LINCOLN  RESERVOIR 

EMBARRASS  RIVER  , ILLINOIS 

FOUNDATION  EXPLORATIONS 

CORE  BORING  LOGS 

SHEET  6 OF  9 SHEETS 
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PLATE  E — 13 


WAR  DEPARTMENT 


HOLE  NO.  33 


HOLE  NO.  34 


Surface  elevates  6’b  t 


it 


glacial  till,  sand, grove  ,c’c/ 

and  Slit  in  vorymg  proportions 


, Woter  table 

SANDSTONE,  very  soft, fine 
grained,  brown  highly  weofh- 
ered, micaceous. 

- TOP  OF  ROCK  EL  5 73  3 

SANDSTONE,  soft,  fine  to  med- 
ium grained,  buff,  weathered 
thin  bedded, micoceous,  pyritic 
SHALE,  soft  to  medium  hard, 
cloyey  light  to  dark  grey,  sound, 
p yritic 

LIMESTONE  AND  SHAi_E,  brecc- 
iated  zone,  hard 

SHALE,  medium  hard, bony, cloyey, 
varibly  carbonaceous 

LIMESTONE,  hprd.  fine  groined 
impure 


SHALE,  clay,  soft  to  medium  hord, 
hackley  fracture,  grey  and 
variegated 


LIMESTONE. medium  hord,  fine 
grained  shal'y,  grey,  very  fossil- 
iferous 

SHALE . soft  to  medium  hard, 
cloyey,  dark  grey,  even  and 
well  bedded 

LIMESTONE. os  elevation  518  9 
517  6. 

SHALE,  medium  hord,  cloyey, 
grey,  well  bedded 

BOTTOM  OF  HOLE  EL  497  4 — - 
DEPTH  OF  HOLE  141.3 

DEPTH  OF  OVERBURDEN  654 
FEET  CORED  75 9| 

PERCENT  CORE  RECOVERY  8 7 + 


RESULTS  OF  PRESSURE  TEST 


Newton  cydothem 
!of  Rssf  Alleghenian 
series  of  Pennsyl- 
vonion  system 


CL  Of 

PACKERS 

PRESSURE 
IN  LBS 

LOSS  IN  GALt  ONS  FOR  TIME 
INTERVAL  IN  MINUTES 

TOP 

BOTTOM 

PER  SQ  INCH 

5 

10  15 

538.7 

533  7 

10 

33 

_ 

5337 

497  4 

10 

1 1 

- 

5337 

497  4 

20 

14 

“ ~ 

j 


HOLE  NO.  35 


rface.  elevation  619  2 

— 

GLACIAL  Till.  sand,  gravel, cloy, 
and  silt  in  vorymg  proportions 

20 

. 

SANDSTONE,  very  soft,  fine 
grained,  brown,  micoceous 
highly  weathered 

No  core 

*>c 

SANDSTONE,  soft, fine  to  med- 
turn  grained  , brown,  micaceous, 
highly  weathered  below  elev- 
ation 573  5 No  core  between 
elevation  573  5 ond  elevotion 
558  7 

— Woter  table 

60 

SHALE,  soft  to  medium  hard, 
* cloyey,  grey,  bony  neor  elev- 
ation 555  2 

70 

- 

LIMESTONE,  impure,  hard,  dork 
grey,  fossiliferous  at  base 
* SHAlE  . soft  to  medium  hord, 
silty,  light  grey,  colcoreous 
SHALE,  medium  soft,  silty,  dork 
grey,  colcoreous 

LIMESTONE,  nodulor . impure 

90 

SHALE,  soft  to  medium  hard, 
Silty,  light  grey 

SHALE,  medium  hord,  cloyey 
dork  grey,  fossiliferous,  cal- 
careous, pyrific,  Slify  between 
elevation  521.0  and  512  0 

New  ton  cyclothem 
of  Post  - Aiieghenion 
series  of  Pennsyt- 
vanion  system 

DEPTH  OF  HOLE  1 10  2' 

DEPTH  OF  OVERBURDEN  37.6' 
FEET  CORED  72.6' 

PERCENT  CORE  RECOVERY  56 

CORPS  OF  ENGINEERS,  U.S.ARMY 


HOLE  NO.  36 


SURFACE  ELEVAT  ON  6ift  6 


r3* 


GLACIAL  TILL,  sand,  grovel 
gravel,  ClQy  ond  Slit  in  varying 
proportions 


SANDSTONE,  very  soft,  fine 
grained,  brown,  highly  weoth- 
ered,  micoceous 

-TOP  OF  ROCK  EL  5 784 

SANDSTONE,  soft,  fine  to  med- 
ium gromed,  buff,  weathered, 
thin  bedded 


r Wo  ter  tobie 

► LIMESTONE  , hard,  crystalline  , 
grey,  thin  bedded,  slightly 
f ossiliferous. 

SHALE , cloy, medium  hard,  silty 
dark  grey,  colcoreous 
LIMESTONE . os  above, except 
mostly  argillaceous 
SHAlE,  Cloy  os  obove  except 
light  grey. 

' LIMESTONE , impure 
SHALE  , medium  soft,  silty, grey, 
colcoreous 

LIMEST ONE,  hard,  nod ulor, grey 
SHALE,  os  obove  except  soft 
LIMESTONE . medium  hard 
breccioted,  greenish  grey 
SHALE,  medium  hard,  cloyey 
grey,  colcoreous 
LIMESTONE . grey, medium  hard 
fossiliferous. 

SHALE,  medium  hard,  silty, 
grey,  sound  of  contoct 
BOTTOM  OF  HOLE  EL  519  2- 
DEPTH  OF  HOLE  994 

DEPTH  OF  OVERBURDEN  402' 
FEET  CORED  592' 

PERCENT  CORE  RECOVERY  83d 


Newton  cyclothem 
of  Post-  Aiiegheotanj 
senes  of  Pennsyl 
vanian  system 


RESULTS  OF  PRESSURE  TEST 


EL  OF  PACKERS 


TOP  BOTTOM 


5680  5630 

5500  5450 


PRESSURE 
IN  LBS 
PER  SQ  INCH 

10 

10 


LOSS  IN  GALl  ONS  FOR  TIME 
interval  IN  MINUTES 


38 

2 


WABASH  RIVER  BASIN 

LINCOLN  RESERVOIR 

EMBARRASS  RIVER  .ILLINOIS 

FOUNDATION  EXPLORATIONS 

CORE  BORING  LOGS 

sheet  tops  sheets 

U S ENGINEER  OFFICE,  LOUISVILLE,  KY 


PLATE  E-14 


WAR  DEPARTMENT 


HOLE  NO  37 

SURFACE  ELEVATION  596  4 

1 GLACIAL  TILL,  sond,  grovel.ctoy, 
and  tilt  in  varying  quantities 

: SANDSTONE.  «»ry  .0(1,  »»alh-  No  cor, 

i±x  ered,  fine  grained,  brown  

TOP  OF  ROCK  EL  504.6 


HOLE  NO.  38 


SURFACE  ELEVATION  549  7 


ALLUVIUM.  Silt,  sondy, Clayey 
ond  plastic  neor  top,  sondy 
silt  with  small  to  medium 
grovel  below  etevotion  5477 


SANDSTONE,  soft,  fine  to  med- 
ium grain,  buff,  micoceous, 
thin  bedded 


Newton  cydothem 
of  Post  Alleghenian 
TOP  OF  ROCK  EL  528  8 series  of  Pennsyl- 

INDURATED  CLAY,  sot,,  •ilfy.m  ,,m 

weathered 

LIMESTONE,  hard , orgillaceous, 
fossiliferous,  grey 


SHALE,  medium  soft,silty, 
grey,  colcareous 


/Water  table 

t LIMESTONE,  hord,  fine  groin  , 
crystalline  to  slightly  orgill- 
, aceous. 

INDURATED  CLAY,  medium, 
hard,  silty,  block,  carbonaceous 
H.IMESTONE.  hord,  fine  groined, 
impure,  grey. 

SHALE,  clay,  medium, hord, silty, 
grey,  calcareous 


SHALE  .os  obove  except,  slight- 1 
ly  impregnated  with  nodular  I 
limestone 

LIMESTONE  , hard , orgillaceous 
grey  fossiliferous 

shale 

BOTTOM  OF  HOLE  EL  520  0 
DEPTH  OF  HOLE  76  4 

DEPTH  OF  OVERBURDEN  I l.flf 
FEET  CORED  64  6 

PERCENT  CORE  RECOVERY  81  O 


LIMESTONE,  medium  soft  to 
hord,  orgillaceous , dork  grey, 
fossiliferous 

SNDURATED  CLAY,  os  obove 
and  calcareous 

SHALE . medium  hord,  clayey, 
dork  grey  .fossiliferous 
BOTTOM  OF  HOLE  EL  492  4 
DEPTH  OF  HOLE  573 

DEPTH  OF  OVERBURDEN  20.9' 
FEET  CORED  36  4 

PERCENT  CORE  RECOVERY  88  0 


RESULTS  OF  PRESSURE  TEST 


PRESSURE 
IN  LBS 
PER  SQ  INCH 


LOSS  IN  GALLONS  FOR  TIME 
*.  T E RVAL  IN  MINUTES 
5 10  IS 


524.7  519  7 

5197  4924 


RESULTS  OF  PRESSURE  TEST 


PRESSURE 
IN  LBS 
PER  SO  INCH 


LOSS  IN  GALLONS  FOR  TIME 
INTERVAL  IN  MINUTES 
5 10  15 


576.4  5714 
549  4 544.4 


HOLE  NO.  39 


SURFACE  ELEVATION  551  5 


ALLUVIUM,  silt , sandy,  clayey 
ond  plostic  near  top  Sondy 
silf  with  small  to  medium 
grovel  below  elevotion  548.5 


■TOP  OF  ROCK  EL  530  6 

INDURATED  CLAY,  hord  , silty, 
Jight  grey,  highly  colcoreous 


iwton  cyclothem 
Post  Alleghenton 


LIMESTONE,  hard  . fine  groined  series  of  Pennsyl 


crystalline,  grey 


SHALE,  medium  hord, silty, grey 
slightly  colcoreous 


vonion  system 


SHALE. hord,  sandy,  grey , mica - 
ceous,  fosstfiferous.colcoreous, 
carbonaceous  near  bottom 
SHALE,  medium  hord,  clayey, 
grey,  carbonoceous 
BOTTOM  OF  HOLE  EL  50  73 
DEPTH  OF  HOLE  44  2 

DEPTH  OF  OVERBURDEN  20.9' 

FEET  CORED  23  3 

PERCENT  CORE  RECOVERY  80 f 


Ipr 


HOLE  NO.  40 


SURFACE  ELEVATION  552  3 


CORPS  OF  ENGINEERS,  U S.  ARMY 


HOLE  NO.  42 


SURfACE  ELEVATION  55?  3 


Newton  cyclothem 
of  Post  Alleghenian 
' senes  of  Pennsyl- 

• vonion  system 


ALLUVIUM,  sandy  silt,  with  small 
to  medium  gravel 


ALLUVIUM . silty  clay, plastic 
grey. 

Newton  cyclothem 
SAND,  fine  to  coarse  gram, silty  of  Pos1  Alleghenian 
senes  of  Pennsyi- 

TOP  OF  ROCK  EL.  529  8 vonion  system 

INDURATED  CLAY  SHALE. Silty.  1 

soft,  light  grey,  weathered 
UMESTONE,  hard,  argillaceous, 
grey,  fossiliferous. 

SHALE. medium  hord, silty , light 
grey,  calcareous. 

SHALE,  medium  hord,  clayey 
dark  grey,  carbonaceous 
BOTTOM  OF  HOLE  EL  516.3 
DEPTH  OF  HOLE  360 

DEPTH  OF  OVERBURDEN  22  5 

FEET  CORED  13.6 

PERCENT  CORE  RECOVERY  92  + 

RESULTS  OF  PRESSURE  TEST 


PRESSURE 
IN  LBS 
PER  SQ  INCH 


LOSS  IN  GALLONS  FOR  TIME 
INTERVAL  IN  MINUTES 
_J5 10  15 


5260  521.0 
5210  516.3 


HOLE  NO.  41 


alluvium,  sond,  siit  om  cioy, 
soft 


SAND,  silt, grovel  ond  smoll 
boulders 

SHALE,  very  soft,  clayey  , light 
w grey,  highly  weathered  No  ci 

TOP  OF  ROCK  EL  5 219 
SHALE  as  obove.soft  not  so 
weathered 

LIMESTONE,  hord  .fine  groined 
fossiliferous,  grey,  impure 
SHALE  .medium  soft,sondy 
below  elevation  516.4,  grey 
sound  , fossiliferous  , carbon 
aceous, slightly  calcareous 
SHALE. medium  hord, clayey 
dark  grey ,corbonoceous,fossil- 
\ iferous,  slightly  colcoreous 
\ LIMESTONE  ,hord,  sholy,  dark 
grey, impure,  highly  fossiliferous 
BOTTOM  OF  HOLE  EL  505.0 
DEPTH  OF  HOLE  47  3 

DEPTH  OF  OVERBURDEN  30  4 
FEET  COREO  16  9 

PERCENT  CORE  RECOVERY  78  + 

RESULTS  OF  PRESSURE  TEST 


PRESSURE 
IN  LBS 
PER  SQ  INCH 


LOSS  IN  GALLONS  FOR  TIME 
INTERVAL  IN  MINUTES 
5 10  IS 


SURFACE  ELEVATION  550  0 


522  3 517  3 
517  3 5050 


■ Water  toble 

ALLUVIUM  . silty,  sondy  and  cloyt 
soft,  plastic. 


TOP  OF  ROCK  EL  526  9 

INOURATED  CLAY  SHALE  . soft. 


silty,  light  grey,  calcareous, 

■eattwred  ol  top  Ne.ton  cyclothem 

LIMESTONE,  hord  argilloceouj , Df  Post  illeghen 
l.ght  grey,  fossiliferous  la„  ol  Penn- 

SHAL£,  medium  hord,  fitly, light  ,,  1,00, on  system 
grey,  colcoreous 

SHALE,  medium  hard,  clayey, 
dark  grey,  carbonoceous  , 
fossiliferous 


Newton  cyclothem 
of  Post  Alleghenian 
senes  of  Pennsyl- 
vanian system 


- BOTTOM  OF  HOLE  EL  497  2 — 
DEPTH  OF  HOLE  52.8 

DEPTH  OF  OVERBUROEN  23  I' 
FEET  COREO  29  7 

PERCENT  CORE  RECOVERY  96  + 


RESULTS  OF  PRESSURE  TEST 


EL  OF  PACKERS 


PRESSURE 
IN  LBS 
PER  SO  INCH 


LOSS  IN  GALLONS  FOR  TiMF 
INTf  RVAL  IN  MINUTES 
5 10  15 


523.0  518  0 

5180  497  2 


WABASH  RIVER  BASIN 

LINCOLN  RESERVOIR 

EMBARRASS  RIVER  , ILLINOIS 

FOUNDATION  EXPLORATIONS 

CORE  BORING  LOGS 


SHEET  8 OF  9 SHEETS 


U S ENGINEER  OFFICE, 


LOUISVILLE,  KY 


PLATE  E-15 


CORPS  OF  ENGINEERS,  U S.  ARMY 


HOLE  NO  44 


HOLE  NO  45 


surface  elevation  ci4  7 


ty  GLACIAL  TILL  , sond,  gravel,  cloy 
and  silf  in  varying  proportions. 


SANDSTONE  .very  soft,  highly 
weathered,  fine  groined, brown, 
micaceous. 

TOP  OF  ROCK  EL  575  2 “ 

SHALE  . medium  soft,  sondy, 
dark  grey,  micaceous. 

SANDSTONE , medium  soft,  tine 
grained,  grey,  thin  bedded, 
micaceous,  medium  hord  be 
low  elevotion  549  0. 

Water  table 


THIN  COAL  SEAMS 


iFishtail  drilled 
no  core 


SANDSTONE,  os  above 


SHALE . i nterbedded . medium  hard, 
sondy,  dork  grey 

r LIMESTONE  (0  3 ),  impure,  hard 
> fine  grained,  dark  grey. 

SHALE,  medium  hard,  clayey, 
i dork  grey,  carbonoceous , 

1 calcareous 

BOTTOM  OF  HOLE  EL  532  I 
DEPTH  OF  HOLE  82  6 

DEPTH  OF  OVERBURDEN  395 
FEET  CORED  43.1* 

PERCENT  CORE  RECOVERY  94  t 


SURFACE  ELEVATION  6 2 1 6 


^ GLACIAL  TILL,  sand,  grovel, clay 
and  silt  in  varying  proportions. 


TOP  OF  ROCK  EL.  569  0 
SHALE,  silty,  sandy, medium 
soft,  grey,  thin  bedded, weath- 
ered, micaceous 


j—  Water  table 


SANDSTONE,  medium  soft,  fine 
fine  grained,  light  grey, slight 
ly  sholy  obove  elevotion  561.0, 
medium  hard  below  elevation 
560.  0 , micaceous 


SHALE  and  SANDSTONE,  inter- 
bedded,  medium  hard,  fine 
grained, dark  grey,  micoceous. 
SHALE,  hard,  cloyey,  block  car- 
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APPENDIX  F - REPORTS  OF  OTHER  AGENCIES 

Exhibit  F-l  U.  S.  Department  of  Agriculture,  Soil  Conservation  Service 
(Letter  reports  dated  13,  27  and  8 November  1963  on 
Lincoln,  Clifty  Creek  and  Patoka  Reservoirs,  respectively, 
supplemental  letters  dated  17  December  1963,  Patoka  River 
Subtasin  Map  and  Table  showing  Potential  Impoundment  Sites) 

Exhibit  F-2  U.  S.  Department  of  the  Interior  Geological  Survey  (Ground- 
water appraisal  report  dated  February  1964,  geological 
maps  (Fugures  1 through  4)  and  Summary  of  ground-water 
hydrogeologic  relationships  (Table  l)  of  the  Embarrass 
River  basin;  letter  report  dated  3 December  1963  on  Clifty 
Creek  Reservoir;  and  Ground-water  appraisal  report  dated 
November  1963,  geological  maps  (Fugures  1 through  4)  and 
Summary  of  ground-water  hydrogeologic  relationships  (Table 
l)  of  the  Patoka  River  basin) 

Exhibit  F-3  U.  S.  Department  of  the  Interior,  Fish  and  Wildlife  Service, 
(Letter  report  dated  22  January  1963  on  Lincoln  Reservoir, 
and  District  Engineer's  comments,  dated  28  February  1964; 
Letter  report  dated  16  January  1964  on  Clifty  Creek  Reser- 
voir, and  District  Engineer's  comments,  dated  23  February 
1964;  and  Letter  Report  dated  22  January  1964  on  Patoka 
Reservoir,  and  District  Engineer's  comments,  dated  5 March 
1964) 

Exhibit  F-4  U.  S.  Department  of  the  Interior,  Bureau  of  Outdoor 

Recreation  (Reconnaissance  Report  on  the  Recreation  Re- 
sources of  Lincoln  Reservoir  with  comments  of  the  State  of 
Illinois,  dated  3 March  1964,  relative  to  the  report, 
Reconnaissance  Reports  on  the  Recreation  Resources  of 
Clifty  Creek  and  Patoka  Reservoirs,  with  comments  of  the 
State  of  Indiana,  dated  3 March  1964,  relative  to  the  re- 
ports, and  comments  of  the  Forest  Service,  dated  3 March 
1964,  relative  to  the  Report  on  Patoka  Reservoir) 

Exhibit  F-5  U.  S.  Department  of  the  Interior,  Bureau  of  Mines  (Report 
dated  November  1963  on  Lincoln  and  Clifty  Creek  Reservoirs 
and  10  October  1963  on  Patoka  Reservoir) 
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Exhibit  F-6  U.  S.  Department  of  Health,  Education  and  Welfare , 

Public  Health  Service  (General  Appro?'  ;al  Study  of 
Lincoln,  Clif ty  Creek  and  Patoka  Resc  rvoirs , dated 
January  1964) 

Exhibit  F-7  Federal  Power  Commission  (Letter  reports  dated  21, 

2 October,  1963  on  Lincoln  and  Patoka  Reservoirs  and 
13  November  1963  on  Clifty  Creek  Reservoir) 

Exhibit  F-6  U.  S.  Department  of  Agriculture,  Forest  Service  (Letter 
dated  29  October  1963  on  Patoka  Reservoir,  with  District 
Engineer's  replys,  dated  14  November  1963;  and  letter 
dated  13  December  1963  on  Patoka  Reservoir) 

Exhibit  F-9  City  of  Charleston,  Illinois  (Letter  dated  4 March  1964 
relative  to  Lincoln  Reservoir) 

Eyhibit  F-10  Indiana  Flood  Control  and  Water  Resources  Commission 
(Letter  dated  24  December  1963  on  Patoka  Reservoir) 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
Room  506,  611  North  Park  Avenue 
Indianapolis  4,  Indiana  46204 


November  1963 


Colonel  Willard  Rcper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Dear  Colonel  Roper: 

In  regard  to  your  letter  of  August  22,  1963  concerning  special 
studies  by  the  Department  of  Agriculture  in  connection  with  selected 
Corps  of  Engineers'  structures,  the  following  letter  report  is  sub- 
mitted concerning  the  Embarrass  River  Basin  area  adjacent  to,  and 
above  the  proposed  Lincoln  Reservoir.  Within  the  time  and  funds 
available,  it  was  impossible  to  make  a detailed  investigation  cf  the 
small  watershed  potential  or  the  future  requirements  of  irrigation 
in  detail;  however,  in  order  to  cooperate  as  much  as  possible  under  the 
circumstances,  we  have  made  a reconnaissance-  uype  study  of  the  area 
immediately  adjacent  to  and  above  the  proposed  Lincoln  Reservoir  site 
in  order  to  determine  project  potentials  and  the  area  of  the  main 
stream  below  the  Lincoln  Reservoir  for  irrigation  potential. 

The  reconnaissance-type  survey  and  evaluation  included  eleven  small 
watersheds  to  determine  the  extent  of  project  feasibility.  It  was 
found  that  water  storage  opportunities  in  the  tributary  area  are 
very  limited.  The  principal  structural  program  to  alleviate  flood 
problems  and  to  provide  proper  drainage  outlets  ..ould  involve  channel 
improvements.  Those  flood'vater  retarding  and  multiple-purpose  sites  and 
the  length  of  channel  improvements  considered  are  shown  in  the 
attached  table. 

Since  the  majority  of  these  projects  require  improved  channel  condi- 
tions to  provide  flood  protection  and  drainage  outlets,  we  have 
included  in  the  attached  table  the  estimated  elevation  at  which 
flooding  of  tributaries  begins  at  their  confluence  with  the  main 
channel  of  the  Embarrass  River  and  the  estimated  distance  upstream 
that  the  elevation  of  610  and  634  'would  affect  each  tributary.  In 
order  to  provide  proper  outlet  for  the  extensive  areas  that  need 
drainage  outlet  improvement  in  each  of  the  designated  tributary 
streams,  it  would  appear  imperative  that  consideration  of  outlet 
elevations  and  backwater  effects  from  the  proposed  Corps'  structure 
should  be  given  in  the  design,  and  the  regulation  and  operation 
schedule  of  the  seasonal  and  flood  pools  of  the  Lincoln  Reservoir 
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If  this  is  done,  those  projects  which  are  indicated  to  have 
questionable  feasibility  with  the  Lincoln  Reservoir  in  place 
may  become  feasible  projects. 

Consideration  was  given  to  sixteen  potential  impoundment  sites. 

Of  these,  only  nine  would  provide  sufficient  floodv/ater  retarding 
storage.  These  nine  also  showed  a combined  potential  of  22,912 
acre  feet  of  storage  available  for  other  uses.  No  assessment  has 
been  made  of  the  total  benefits  that  might  be  credited  to  multiple 
use  of  these  sites.  Four  of  these  sites  would  be  directly  affected 
by  the  proposed  Lincoln  Reservoir. 

Our  investigation  of  irrigation  potentials  in  the  Embarrass  River 
Basin  adjacent  to  the  main  stream,  below  the  proposed  Lincoln 
Reservoir,  indicates  that  within  the  foreseeable  future  no  exten- 
sive irrigation  development  in  this  basin  is  anticipated. 

It  is  our  understanding  that  during  project  formulation  studies  for 
the  Wabash  River  Basin  Comprehensive  Report  the  potential  upstream 
watershed  projects  and  the  plans  for  the  Lincoln  Reservoir  will  be 
closely  coordinated. 

Sincerely  yours, 


/s/  C.  E.  Swain 

Enclosures  C.  E.  Swain 

State  Conservationist 
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UNITED  STATES  DEPARTMENT  CF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
Rocn  506,  611  North  Park  Avenue 
Indianapolis  4,  Indiana,  46204 


November  27,  1963 


Colonel  Willard  Roper,  District  Engineer 
U.  S.  Amy  Engineer  District.  Louisville 
Corps  of  Engineers 
P.  0.  Eox  59 
Louisville  1,  Kentucky 

Dear  Colonel  Roper: 

In  regard  to  your  letter  of  August  22,  1963  concerning  special 
studies  by  the  Department  of  Agriculture  in  connection  with 
selected  Corps  of  Engineers*  structures,  the  following  letter 
report  is  submitted  concerning  the  Clifty  Creek  watershed  area 
adjacent  to  the  proposed  Kartsville  Reservoir  site.  Within 
the  tine  and  funds  available,  it  was  impossible  to  make  a 
detailed  investigation  of  the  small  watershed  potential  or  the 
future  requirements  for  irrigation;  however,  in  order  to  co- 
operate as  much  as  possible  under  these  circumstances,  we  have 
made  a reconnaissance-type  study  of  the  area  relative  to  this 
information. 

Due  to  topographic  conditions,  generally  limited  flood  plain 
areas  throughout  the  watershed,  and  the  types  of  works 
of  improvement  that  can  be  considered,  an  upstream  watershed 
project  would  not  be  feasible  in  the  main  stream,  area  of  Clifty 
Creek.  Further  consideration  will  be  given  at  a later  date,  in 
the  course  of  our  normal  studies,  to  upstream  watershed  project 
potentials  in  the  Clifty  Creek  Watershed,  generally  above  Milford, 
Indiana,  Fall  Creek  above  the  Bartholcrr.ew-Decatur  County  Line, 
and  on  Duck  Creek.  It  is  not  anticipated  that  the  proposed 
Hartsville  Reservoir  will  have  any  affect  on  these  projects. 
Subsequent  upstream  project  studies  will  be  coordinated  with 
plans  for  the  proposed  Hartsville  structure. 

Through  the  efforts  of  the  Soil  Conservation  Districts  and  the 
assistance  of  the  agencies  concerned  in  land  and  water  resources, 
the  farmers  of  the  Clifty  Creek  watershed  area  should  be  encoura;  d 
to  continue,  and  to  accelerate,  insofar  as  possible,  the  install- 
ation of  conservation  land  treatment  measures  on  th<~  upland  areas. 
This  will  improve  hydrologic  conditions  of  the  watershed  rnd 
stabilize  potential  sediment  source  areas  through  the  reduction 
of  sheet  and  gully  erosion  ana  proper  land  utilization. 
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Our  studies  of  irrigation  potentials,  adjacent  to,  and  below 
the  proposed  Hartsville  structure  indicate  that  presently  there  are 
i,110  acres  of  field  and  truck  crops  being  irrigated  in  the  area 
along  Clifty  Creek,  and  the  East  Fork  of  the  Uhite  River  down  to  the 
Bartholomew-Jackson  County  Line.  Of  this  1,110  acres,  220  acres  lie 
along  Clifty  Creek,  with  the  remaining  890  acres  lying  along  the  East 
ork  of  the  Uhite  River.  Crops  presently  irrigated  include  vegetables, 
sweet  corn,  field  corn,  tomatoes  and  tobacco.  Presently,  there  is  one 
food  processing  plant  located  at  Columbus,  Indiana,  one  at  Austin, 
Indiana,  and  one  at  Franklin,  Indiana.  Future  expansion  of  these  . 
plants  could  result  in  an  expansion  of  irrigated  acreages.  It  is 
estimated  that  there  are  17,000  acres  of  land  in  the  Clifty  Creek 
and  the  East  Fork  of  the  Uhite  River  bottoms  to  the  county  line  that 
could  be  irrigated  if  the  water  were  available  and  production  require- 
ments necessitated  this  use.  If  the  present  rate  of  increase  in  the 
use  of  irrigation  continues  for  the  next  fifteen  years,  it  is  anti- 
cipated that  approximately  4,000  acres  would  be  under  supplemental- 
type  irrigation  by  1978. 

Further  evaluations  of  future  irrigation  requirements  of  the  Wabash 
Basin  in  more  detail  will  be  made  during  the  normal  course  of  the 
planned  USDA  studies  for  the  comprehensive  report. 

If  we  can  be  of  further  assistance,  please  advise. 

Sincerely  yours, 


/s/  Frank  R.  Brower,  Jr. 

> for  C.  E.  Swain 

' State  Conservationist  ] 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


SOIL  CONSERVATION  SERVICE 
Room  506,  611  North  Park  Avenue 
Indianapolis  4,  Indiana,  46204 


November  8,  1963 

Colonel  Nil lard  Roper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Dear  Colonel  Roper: 

In  regard  to  your  letter  of  request  of  August  22,  1963  concerning 
special  studies  by  the  Department  cf  Agriculture  in  connection 
with  selected  Corps  of  Engineer  structures,  the  following  letter 
report  is  submitted  concerning  the  Upper  Patoka  River  Basin  and 
the  Patoka  structure  watershed.  Uithin  the  time  and  funds 
available,  it  has  been  impossible  to  obtain  the  information 
requested  in  any  degree  of  detail;  however,  in  order  to  cooperate 
as  much  as  possible  under  these  circumstances,  we  have  made  a 
reconnaissance-type  study  of  the  area  immediately  adjacent  to 
the  Patoka  site  and  have  evaluated  structural  works  and  flood 
problems  with  limited  detail  to  show  project  potentials.  You 
recognize  that  much  of  the  information  requested  now  would  have 
been  developed  during  the  course  of  our  regularly  scheduled 
studies  and  would  have  been  available  in  the  project  formulation 
stage. 


This  reconnaissance-type  review  included  the  drainage  area  of 
the  Patoka  River  Basin  above  Jasper,  Indiana,  consideration  of 
twenty  potential  upstream  impoundment  structures,  approximately 
57  miles  of  channel  improvements,  and  consideration  of  the 
general  magnitude  of  the  benefits  to  flood  prevention  in  the 
floodplain  areas  above  Jasper,  Indiana.  Based  on  our  studies, 
we  find  that  we  cannot  economically  justify  a small  watershed 
protection  project  in  this  area  on  the  basis  of  flood  prevention 
under  present  criteria.  The  estimated  average  annual  flood 
prevention  benefits  to  approximately  12,800  acres  of  flood- 
plain  area  is  $95,000  with  an  average  annual  cost  for  the 
structural  works  of  improvement  of  $176,450,  or  a B:C  ratio 
of  0.54:1. 


No  assessment  has  been  made  of  the  total  benefits  to  multiple 
use  of  these  twenty  sites  for  the  storage  of  additional  water 
for  recreation,  low  flow  augmentation,  or  other  uses.  Had 
there  been  sufficient  time,  these  benefits  could,  have  been 
obtained  by  joint  consideration  of  the  data  secured  by  your 
agency  from  the  Bureau  of  Outdoor  Recreation  and  the  Public 
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Health  Service,  and  the  coordination  of  these  benefits  to  the 
additional  storage  potentials  of  the  sites  shown  on  the  attached 
table.  In  this  regard  it  can  be  seen  from  the  tabular  data  that  use 
of  six  sites  (I,  VI , VIIT^.IX , XIV,  XVI)  would  provide  a total  surface 
area  of  approximately  4,100  acres  for  recreation  with  a volume  of 
additional  storage  of  110, COG  acre  feet  for  use  in  recreation.  Tbs 
remaining  fourteen  structures  would  provide  a surface  area  of  3,000 
acres  with  82,000  acre  feet  which  could  be  considered  for  low  flow 
augmentation. 

It  would  be  desirable  to  establish  closer  coordination  between  our 
two  river  basin  staffs  in  appraisal  of  flood  prevention,  recreation, 
low  flow  augmentation,  and  other  benefits  particularly  where  the 
effects  of  the  Corps'  projects  and  upstream  watershed  projects  are 
to  be  considered  and  where  consideration  is  to  be  given  to  possible- 
alternative  solutions.  This  will  be  particularly  important  during  the 
program  formulation  and  evaluation  period  for  the  final  comprehens ive 
report  on  the  Wabash  River  Basin. 


T,e  shall,  in  the  further  course  of  our  studies,  give  consideration  to 
additional  upstream  watershed  project  potentials  in  the  area  below 
Jasper,  Indiana  and  consider  their  combined  effects  during  project 
formulation.  * 

Onr  investigation  of  irrigation  potentials  in  the  Rato  a River  IB as  in 
adjacent  to  the  main  stream,  below  the  proposed  Pato.a  structure, 
indicates  that  within  the  foreseeable  future  no  extensive  iiiigction 
development  in  this  basin  is  anticip'-ated.  \ 

As  stated  in  our  earlier  telephone  conversation  with  your  officer  a 
report  will  be  furnished  you  on  the  Lincoln  Reservoir  site  in  thi 
near  future.  | ) 


’/e  believe  it  would  be  desirable  to  discuss  the  iiaterial  of  these 
projects  with  you  in  person  at  the  first  opportunity.  In  the  mean- 
time, if  we  can  be  of  further  assistance  to  you,  please  advise. 


Sincerely  youris, 


/s/  C.  E.  Swain 

C . E.  Swa in 

State  Conservationist 

Enclosures 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
Room  506,  611  North  Park  Avenue 
Indianapolis  4,  Indiana,  46204 

December  17,  1963 

Colonel  Willard  Roper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Dear  Colonel  Roper: 

In  regard  to  our  letter  report  dated  November  13,  1963  to  you 
covering  our  watershed  studies  of  the  upper  Embarrass  River  and 
the  area  adjacent  to  the  proposed  Lincoln  Reservoir,  the  follow- 
ing comments  are  submitted  as  a supplement  to  that  report. 

Our  original  report,  and  comments  related  thereto,  was  based  on 
elevation  data  furnished  by  your  office  indicating  that  the  proposed 
seasonal  pool  e’evation  was  to  be  610  feet.  Based  upon  this 
elevation  our  reconnaissance-type  evaluation  of  the  eleven  potential 
upstream  watershed  projects  indicated  that  five  of  these  might  be 
affected  by  the  proposed  reservoir,  depending  upon  the  reservoir 
regulation  schedule  and  backwater  affects  of  various  flood 
elevations  above  the  seasonal  pool. 

Subsequent  to  our  report,  a conference  was  held  with  represent- 
atives of  your  office  concerning  the  regulation  schedule  and  back- 
water affects  for  various  pool  elevations.  At  this  time  it  was 
pointed  out  by  your  representatives  that  the  land  easements  or 
flowage  rights  would  be  taken  5 feet  vertically  above  the  80-year 
frequency  pool,  or  to  Elevation  634.  At  this  frequency  your 
preliminary  study  indicated  that  there  would  be  no  flooding 
above  this  elevation  of  634. 

As  a result  of  this  conference  it  is  our  opinion  that  the  Lincoln 
Reservoir,  as  proposed  in  the  public  hearing  at  Charleston,  Illinois 
December  10,  1963,  would  not  have  an  adverse  affect  on  the  drainage 
of  lands  lying  above  Elevation  634.  It  is  our  understanding  that 
the  adequacy  of  outlet  channel  conditions  below  634  feet  would  be 
considered  and  provided  for  in  the  final  design  of  the  proposed 
reservoir. 


Sincerely  yours, 


/s/  W.  T.  Moon 

for  C.  2.  Swr in 

: ace  Co  servu'.ionish 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 
Rood  506,  611  North  Park  Avenue 
Indianapolis  4,  Indiana,  46204 

December  17,  1963 


Colonel  Willard  Roper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 


Dear  Colonel  Roper: 

Reference  is  made  to  our  letter  report  dated  November  8,  1963 
concerning  the  upstream  watershed  potential  in  the  Patoka 
River  Basin  above  Jasper,  Indiana. 

As  indicated  in  that  report,  no  assessments  were  made  of  the 
project  for  benefits  from  possible  multiple  use  of  water 
storage  potentials  in  the  twenty  flood  water  retarding  sites 
considered.  The  elevations,  volumes  and  surface  acres  shown 
in  the  tabulated  data  for  the  twenty  sites  shown  as  "Potential 
Multiple  Purpose  Use"  are  based  entirely  on  the  estimated 
physical  limitations  of  the  sites  themselves  as  determined 
from  the  USGS  Quadrangle  maps.  Time  and  available  data  did 
not  permit  the  development  of  water  budgets  or  watershed 
yield  data  for  the  determination  of  storage  input  or  recharge 
potentials  for  these  sites. 


Sincerely  yours, 


/s/  W.  T.  Moon 

for  C.  E.  Swain 

State  Conservationist 


ibit  F-l 


i Purchaser 


Forest 


Note  : 

map  n 
River, 
were 
p Jrfic 
delefe 


ill'; 

^ 

WPBTaa 

(S 

■>1 

• 

1 

' | 

IsJ 

f 

F EJ 

1 R 

1. 

'4.-. 

J 

*T 

R 3 W 


R 2 W 


’« inMl  ^F^In  i “ "j  *S^i-':'  * ^ ’ ’ ' ' X*  '**•  ■■-•'•  Vs  \ 


» rA*GO  V I 

1-  - N- 


\ 

V- . 


- ‘ -I 


"—id.f  ! * ,-f  - .;  \ v \ 

f^j^V  K K 3 ' pfl  •;.  V 

i '.'I  / i'  .|WV •$• . y W 


r f T 


i 

} * 

C I D C * K- 


v> 

J A 1 

-■'-,1-  • vV ySS 


Note:  Soil  Conservation  Service 

map  received  n luded  area  to  Wabash 
Rwfci.  No  r.  ,nsidered  improvemenl  ^ 
were  ;hown  below  Jasper  and  that 
portion  of  the  mop  has  been 
deleted  in  this  presentation . 


THE  WABASH  RIVER  BASlM 
PATOKA  RIVER  SUBBASIN 

CRAWEORD,  DUBOIS, GIBSON,  MARTIN, ORANGE  .PIKE,  SPENCES. 
AND  WARRICK  COUNTIES,  NQIANA 

U.  S.  DEPARTMENT  OF  AGRICULTURI 
SOIL  CONSERVATION  SERVICE 


3-E-46659 


EL*h'.b't+  F 


I 


U.  S.  DEPARTMENT  OF  AGRICULTURE 
SOIL  COHSERVATIO;-;  SERVICE 


lato. a River  3ns in 


Hydrolog 


Potential  Impoundment  Sites  for  Floociwater 


Retarding  and  Multiple  Purpose  Uses 


Drain- 

age 

Area 


XVII 

RV17.I  : 

Flood 
Preven- 
tion 
Storage 
AC  FT 


,629 


32 


1,666 


992 


1,856 


3,173 


1,792 


730 


1 ,C  37 


1 , 230 


592 


3,205 


661 


4,104 


, 244 


1,024 


Cos  t 
Single 
Purpose 
FP  only 
•:> 


1 82 ,C00 


125,000 


88,000 


120,000 


5S.C0C 


159,000 


137,000 


.Potential  Multiple  Purpose 
Use 


Elev.  Volume 
Perm.  Perm. 
P°°l  |golFT 


665.0  20,165 


674.0  4,234 


645.0  5,104 


665, C 5,902 


635.0  11,50 


613.0  15,635 


574. C 8,690 


Area 

Perm . 
Pool 
AC 


72,000 


75 ,000 


34,000 


74,000 


133,000 


69 .000 


71,000 


70.000 


535.0  4,580 


575.0  5.040 


555.0  6,660 


645. C 5,980 


59  5.  C.  17,740 


605.0  4,160 


555. 


535.0  5,236 


545.0  5,060 


9.5  3, ’CO 


112  3 


2,29S,Oo. 


3,06 


WABASH  BASIN  COMPREHENSIVE  STUDY 
GROUND- WATER  APPRAISAL  OF  THE  EMBARRASS  RIVER  BASIN 

AND 

LINCOLN  RESERVOIR  SITE,  ILLINOIS 
by 

Frank  A.  Watkins,  Jr. 
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INTRODUCTION 

This  report  appraises  the  ground-; vater  resources,  the 
ground-surface  water  relationships,  ar.d  the  chemical  quality 
of  the  ground  water  in  the  Embarrass  River  Basin,  v/ith  empha- 
sis on  the  availability,  adequacy,  and  useability  of  the  ground 
water  at  the  Lincoln  Reservoir  site  as  part  of  the  study  of 
the  Wabash  River  Easin. 

Information  in  this  report  is  based  on  reports  of  the 
Illinois  State  Geological  Survey,  the  Illinois  State  Water 
Survey,  and  on  observations  made  during  the  current  study  of 


the  Wabash  River  Basin. 


CONCLUSIONS 


Loss  of  water  from  the  proposed  reservoir  is  possible  where 
the  reservoir  is  underlain  by  buried  bedrock  valleys  that  are  filled 
with  unconsolidated  deposits  of  Pleistocene  age. 

The  sand  and  gravel  in  these  unconsolidated  deposits  and  the 
dolomite  and  limestone  of  Devonian  age  are  sources  of  large  supplies 
of  ground  water,  although  not  necessarily  at  places  where  the  water  is 
needed . 

HTDriOLCGIC  CCNDITICNS  IN  THE  ELfflARRASS  RIVER  BASIN 

1.  The  dry-weather  yield  of  the  basin  is  small,  especially  above 
the  proposed  dam  site.  The  stream  is  dry  frequently  at  the 
Camargo  gage. 

2.  There  is  dry-weather  pickup  in  the  Embarrass  River  from  the 
junction  of  Kickapoo  Creek  to  the  mouth  of  the  river,  except 
for  a short  reach  about  1.5  miles  above  the  proposed  dam  site. 

3.  Dry-weather  pickup  increases  downstream  from  the  Wisconsin 
glacial  boundary. 

4.  Sandstone,  shale,  coal,  and  limestone  of  Pennsylvanian  age 
are  the  sources  of  only  small  supplies  of  ground  water  due 
to  the  small  permeability  and  lack  of  second:  *y  openings  in 
these  rocks. 

5.  Shale  of  Mississippian  age  is  not  water  yielding. 
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6.  Dolomite  and  limestone  of  Devonian  age  are  generally  a 
source  of  small  to  moderate  supplies  of  ground  water. 

But  in  areas  where  the  rocks  are  creviced  larger  supplies 
of  ground  water  are  possible. 

7.  Sand  and  gravel  of  Recent  and  Pleistocene  ages  in  the 
buried  bedrock  valley,  which  coincides  in  general  with  the 
present  valley  in  the  lower  part  of  the  oasin,  are  sources 
of  large  supplies  of  ground  water. 

8.  Till,  sand,  ar.d  gravel  of  Pleistocene  age,  laid  down  in 
the  buried  bedrock  valleys  in  the  upper  and  central  parts 
of  the  basin,  are  sources  of  moderate  to  large  supplies  of 
ground  water  where  the  sand  and  gravel  is  thick  and  areally 
extensive. 

9.  Sand  and  gravel  interbedded  with  till  of  Pleistocene  age  is 
a source  of  small  to  moderate  supplies  but  the  sand  ar.d 
gravel  is  usually  thin  and  not  areally  extensive. 

10.  Till  of  Pleistocene  age  is  a source  of  small  supplies  of 
water  from  large  diameter  dug  wells  and  is  used  only  when 
there  is  no  other  source. 

11.  Chemical  quality  of  the  ground  water  from  the  bedrock  is 
good,  with  total  dissolved  solids  rangir  from  less  than 
3C0  to  more  than  500  ppm  (parts  per  million).  The  chemi- 
cal quality  generally  becomes  poorer  with  increasing 
depth.  The  water  is  treated  for  municipal  and  industrial 
uses. 
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Chemical  quality  of  the  ground  water  from  sard  and  gravel  is 
generally  good,  with  total  dissolved  solids  ranging  from  about 


200  to  more  than  200  ppm.  The  higher  values  occur  in  areas 
where  the  possibility  of  contamination  is  greatest.  The  water 
is  usually  of  more  uniform  quality  than  that  from  bedrock 
sources.  The  water  is  treated  for  municipal  and  industrial 
uses. 

During  dry-weather  periods  deoxygenation  is  r problem  for  a 
short  distance  downstream  from  the  mouth  of  Kickapoo  Creek. 
This  is  due  to  the  fact  that  the  effluent  from  Charleston's 
sewage  disposal  plant  is  discharged  into  Kickapoo  Creek. 
Impoundment  of  water  will  improve  this  quality  condition. 
Deoxygenation  is  not  a problem  from  the  Diona  gage  site 
downstream. 


KYDROLCGIC  CONDITIONS  AT  PROPOSED  LINCOLN  RESERVOIR  SITE 

1.  Precipitation  and  runoff  at  the  Lincoln  Reservoir  site  are 
about  average  for  the  state.  Precipitation  averages  about 
36  inches  annually  and  runoff  averages  about  10  inches 
annually  based  on  long-term  records. 

2.  There  are  some  areas  of  apparent  loss  of  water  from  the 
stream  to  ground  water  or  by  evapotranspiration  above  the 
dam  site. 

3.  Areas  of  loss  coincide,  in  general,  with  areas  underlain  by 
buried  bedrock  valleys  filled  with  unconsolidated  deposits, 
indicating  that  the  losses  may  be  to  these  deposits. 
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4.  The  largest  of  these  areas  of  loss  is  no  th  of  the  divide  on 
the  preglacial  bedrock  surface  in  the  upper  part  of  basin  and 
includes  more  than  half  the  water  shed  area  above  the  dam 


site.  Water  in  the  reservoir  at  maximum  pool  stage  will  extend 
upstream  and  be  impounded  directly  above  several  branches  of  a 


buried  valley  through  which  losses  apparently  occur  during  dry- 

!*■ 

weather  periods.  Ground-water  levels  indicate  that  the 
gradient  is  down  the  buried  valley  rather  than  toward  the 

i-  ; 


stream  and  that  the  water  moves  out  of  the  basin  to  the  west. 
The  relatively  low  runoff  figure  for  this  area  may  be  further 
evidence  for  this  movement  of  water  out  of  the  basin. 

5,  The  small  loss  of  water  upstream  from  the  Riverview  dam  is 
probably  due  to  the  withdrawal  of  the  water  by  the  City  of 
Charleston.  Most  of  this  water  is  probably  returned  to  the 
stream  by  way  of  Kickapco  Creek.  Some  of  the  loss  may  be  due 
to  recharge  to  a buried  channel  and/or  e.apotranspiration. 

6.  An  area  of  loss  about  1.5  miles  above  the  dam  site  coincides 
with  the  intersection  of  a buried  valley  with  the  channel  of 
the  Embarrass  River.  On  October  IS,  1963  the  loss  in  this 
reach  of  the  river  was  found  to  be  about  0.5  cfs  out  of  a 
total  flow  of  3.9  cfs,  or  about  13  percent  of  the  flow. 

Water  impounded  at  this  point  will  increase  the  head  by  35 
to  90  feet  and  losses  could  be  large.  Water  lost  to  this 
buried  valley  would  probably  be  returned  to  the  stream  below 


Ste.  Marie. 


■ 
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Losses  in  the  pool  area  could  be  large  due  to  the  apparent 
large  permeability  and/or  partially  unsaturated  condition  of 
the  sand  and  gravel  aquifers  in  the  buried  bedrock  valleys. 
Sand  and  gravel  is  a source  of  large  quantities  of  water 
especially  in  the  buried  bedrock  channels.  Moderate  to  large 
supplies  are  also  available  from  sand  and  gravel  interbedded 
with  till  and  from  dolomite  and  limestone  bedrock  in  a small 
area  in  the  northwest  part  of  the  basin. 
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Recharge  to  sand  and  gravel  deposits  , 
which  contribute  to  ground-water 
pickup,  is  through  these  deposits 


2,  Recharge  reaches  these  rocks  through 


overlying  unconsolidated  deposits 
and  therefore  effects  surface  water 
only  indirectly  by  intercepting  some 
water  which  might  have  been  dis- 
charged to  the  stream 


Impoundment  of  water 
in  the  reservoir 
may  increase  the 
loss  to  ground 
water  through  the 
buried  valleys 
especially  the 
one  just  upstream 
of  the  dam  site; 
will  increase 
ground-water  pick- 
up in  lower  part 
of  the  basin 


Above  dam  site — 
impounding  water 
in  reservoir  will 
increase  the  a- 
aount  of  water  in 
storage  in 
aquifer 

Below  dam  site — 
higher  stages 
during  low-flow 
periods  will  in- 
crease the  amount 
of  water  in  stor- 
age in  the 
aauif er 


Probably  a slight 
increase  in 
storage  adjacent 
to  reservoir  and 
an  increase  in 
recharge  to  undeiv 
lying  material 
due  to  increase 
in  head  in 
reservoir  area 


Probably  a slight 
increase  in 
storage  in  these 
rocks  in  the 
pool  area  due  to 
increase  in  head 


Study  needed  to  determine  the  amount 
of  loss  from  the  reservoir  through 
these  buried  valleys  and  whether 
this  loss  will  be  detrimental  or 
beneficial;  to  determine  the  areal 
extent  and  potential  of  these 
deposits 


Dissolved  oxygen  determination  in- 
dicates that  deoxygenation  is  a 
problem  in  Kickapoo  Creek  below 
the  outflow  from  Charleston's 
sewage  disposal  plant  and  in  the 
Embarrass  River  for  a short  dis- 
tance downstream  from  the  mouth 
of  Kickapoo  Creek  during  low-flow 
periods;  deoxygenation  is  not  a 
problem  from  the  Diona  gage  down- 
stream 


At  the  dam  site  these  rocks  are  over- 
lain  by  Recent  alluvium  and  possibly 
Pleistocene  sand  and  gravel;  losses 
may  occur  through  the  unconsolidated 
material;  rocks  of  Pennsylvanian  age 
are  the  first  encountered  beneath  the 
unconsolidated  deposits  except  in  a 
small  area  in  the  northwest  part  of 
the  basin 
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DEPARTMENT  OF  THE  INTERIOR 

GEOLOGICAL  SURVEY 
Room  4C3 

611  N.  Park  Avenue 
Indianapolis,  Indiana 
46204 

December  3,  1563 


Colonel  Roper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
?.  0.  Box  55 
Louisville,  Kentucky 

Attention:  Mr.  Robert  Hayes 

Dear  Colonel  Roper: 

As  per  paragraph  3 of  m.y  letter  dated  November  18,  1563  the 
following  brief  resume  of  ground-water  conditions  in  the  Clifty 
Creek  basin  is  submitted  at  this  time  in  lieu  of  the  full  report. 

There  are  no  public  water  supplies  within  the  basin  itself  but  there 
are  three  public  water  supplies  located  just  outside  at  Columbus, 
Greensburg,  and  Hope.  Columbus  and  Hope  use  ground  water,  and 
Greensburg  uses  both  gr ound-water  and  surface-water  sources.  T;ells 
at  Columbus  pump  from  sand  and  gravel  aquifers.  At  the  two  other 
places  wells  tump  from  sand  and  gravel  and  bedrock  aquifers. 

■fells  drilled  into  bedrock  range  in  depth  from  about  10C  to  about 
300  feet.  The  bedroex  aquifers  usually  are  limestone.  The  yields 
from  bedrock  aquifers  range  from  less  than  20  to  more  than  100  gpm. 
Yields  generally  are  higher  where  limestone  rocn  occupies  the  topo- 
graphic highs  on  the  pre-glacial  bedrock  surface.  Mater  levels 
generally  are  within  fifty  feet  of  the  land  surface.  The  chemical 
quality  of  the  water  is  good  with  total  dissolveu  solids  usually 
less  than  400  parts  per  million.  The  chemical  quality  of  the  water 
becomes  poorer  with  depth. 

"e.lls  drilled  into  sand  and  gravel  range  in  depth  from  about  20  to 
150  feet.  The  yields  from  sand  and  gravel  aquifers  range  from  about 
20  to  more  than  1,OGO  gpm.  Yields  generally  are  higher  in  the  area 
at  the  lower  end  of  the  basin  near  Columbus.  Other  areas  of  possible 
high  yields  are  the  buried  valleys  near  Hartsville  and  Adams  above 
the  damsite.  Small  to  moderate  yields  are  possible  from  minor 
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outwash  deposits  scattered  throughout  the  basin,  'later  levels 
in  these  aquifers  usually  are  less  than  50  feet  below  the  land 
surface.  The  chetical  quality  of  the  water  generally  is  good 
with  total  dissolved  solids  usually  less  than  350  p tr. . 

There  are  two  buried  bedrock  valleys  in  the  basin  above  the 
damsite.  The  northernmost  one  enters  the  basin  north  of 
Greensburg  and  runs  almost  due  west , passing  between  Adams  to  the 
north  and  iiilford  to  the  south.  It  leaves  the  basin  a few 
miles  northwest  of  i ilford.  On  October  21,  1063  a uischaige 
measurement  was  made  in  Clifty  Creek  near  Sandushy,  north  of 
this  buried  valley,  and  another  discharge  measurement  made  near 
Milford,  south  of  this  buried  valley.  The  discharge  was  about 
0.2  cfs  at  the  u stream  site  near  Sandusky  and  about  C.l  ofs 
at  the  downstrear.  site  near  Iiilford,  indicating  a loss  in  this 
reach  of  the  stream.  This  loss  of  water  from  the  stream  may  be 
accounted  for  by  evapotranspiration  and/or  loss  to  the  buried 
valley  '^hich  lies  between  the  two  sites.  Losses  to  this  buried 
valle3r  would  not  affect  the  impoundment  of  water  in  tr.e  reservoir 
because  it  is  upstream  of  the  upper  end  of  the  maximum  pool. 

The  southernmost  buried  valley  enters  the  basin  south  of  Greens- 
burg and  runs  almost  due  vest  passing  between  Forest  Kill  to  the 
south  and  Hartsville  to  the  north..  As  it  passes  Kartsville  it 
curves  to  the  southwest  until  it  coincides  math  the  ! resent 
channel  of  Clifty  Creek  which  it  follows  until  it  leaves  the 
basin  near  the  mouth  of  Clifty  Cree...  Losses  can  be  expected 
through  this  buried  valley  if  it  is  not  sealed  at  the  damsite. 

On  October  21,  IS- C 3 there  was  no  flow  at  the  U.S.G.3.  gage  at 
Kartsville.  The  discharge  of  Clifty  Cree;  near  the  damsite, 
downstream  from  the  gage,  was  about  .C7  cfs  on  October  21,  1563. 
This  water  was  from  Fall  For...  Dissolved  oxygen  at  this  point  was 
4.8  ppm  or  52  percent  saturation.  This  was  the  lowest  value  found 
in  four  determinations  in  the  basin.  Dissolved  oxygen  of  water 
from  Clifty  Creek  ranged  from  the  above  low  figure  to  a high  of 
10  ppm  or  105  percent  saturation. 

The  discharge  of  Clifty  Creel;,  about  2 miles  upstream  from  the 
mouth,  was  1.3  cfs  on  October  21,  1563. 

The  report  on  this  basin  will  be  forwarded  to  you  as  soon  as  it 
is  completed. 

Sincerely, 


/s/  Claude  M.  Roberts 
Claude  IT.  Roberts 


cc:  Division  Hydro iogist , i'CA,  St.  Louis,  Ho. 
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WABASH  BASIN  COMPREHENSIVE  STUDY 


GROUND-WATER  APPRAISAL  OF  THE  PATOKA  RIVER  EASIN 

AND 

PATOKA  RESERVOIR  SITE,  INDIANA 

by 

Frank  A.  Watkins,  Jr. 

PURPOSE 

This  report  appraises  the  ground-water  resources,  the 
ground-surface  water  relationship,  and  the  chemical  quality 
of  ground  water  in  the  Patoka  River  Basin,  with  emphasis  on 
the  availability,  adequacy,  and  useability  of  the  ground 
water  at  the  Patoka  Reservoir  site  as  a part  of  the  study 
of  the  Wabash  River  Basin. 


J 


CONCLUSION 


Because  of  the  lack  of  natural  subsurface  storage  and 
permeable  aquifers  the  only  means  of  obtaining  sustained  yields 
greater  than  0.6  cfs,  which  represents  the  flow  of  the  Patoka 
River  that  is  exceeded  90  percent  of  the  time,  is  the  construc- 
tion of  a reservoir  in  the  basin  to  store  water  and  to  improve  its 
quality. 

This  conclusion  is  based  on  the  following  factual  observa- 
tions made  in  the  basin. 

1.  The  dry-weather  yield  of  the  basin  is  small,  especially 
in  the  upper  three-fourths  of  the  basin.  The  stream  is 
dry  on  about  a 2-year  frequency. 

2.  Eedrocks  of  Pennsylvanian  and  Mississippian  ages  consisting 
of  sandstone,  shale,  and  limestone  are  sources  of  only  small 
supplies  of  groundwater  because  of  their  small  permeability 
and  lack  of  secondary  openings. 

3.  Sand  and  gravel  of  Pleistocene  age,  at  the  lover  end  of 
the  basin,  are  the  only  source  of  large  supplies  of  ground 
water  in  the  basin. 

4.  The  chemical  quality  of  the  ground  water  from  bedrock  is 
generally  good  but  total  dissolved  solids  can  range  from 
less  than  2C0  to  more  than  2,500  ppm  (parts  per  million). 

The  chemical  quality  becomes  poorer  with  depth  and  at 
depths  greater  than  300  feet  is  usually  unfit  for  human 
consumption. 


Exhibit  F-2 


5.  The  chemical  quality  of  the  ground  water  from  sand  and 
gravel  is  generally  good  but  total  dissolved  solids  can 
range  from  about  2C0  to  more  than  6C0  ppm.  The  water 
must  be  treated  for  municipal  or  industrial  use. 

6.  Dissolved  oxygen  in  the  water,  from  the  bedrock  area  of 
the  basin,  was  low.  This  is  not  due  to  organic  pollution 
tut  to  the  fact  that  the  water  is  recently  discharged 
ground  water  and  flow  in  the  stream  is  slow,  giving  little 
opportunity  to  pick  up  oxygen  from  the  air. 

7.  Dissolved  oxygen  in  the  water  from  the  sand  and  gravel  area 
of  the  basin,  at  the  State  of  Indiana  water-quality  monitor 
station,  was  below  the  minimum  value  (4  to  5 ppm)  used  by 

the  State,  only  once  in  the  period  May  1,  1957  to  December  30, 
I960.  Therefore  deoxyger.ation  is  not  a problem  in  this  reach 
of  the  stream. 

Hydrologic  conditions  at  the  proposed  reservoir  site  as 

related  to  hydrogeologic  conditions  are  as  follows. 

1.  Precipitation  on  the  Patoka  reservoir  site  and  runoff  from 

it  are  high.  Precipitation  averages  about  44  inches  annually 
and  runoff  averages  about  Id  inches  annually  for  the  period 
1931-60. 

2.  The  dam  site  is  located  at  the  downstream  end  of  an  area  of 
ground-water  pickup  and  is  near  the  optimum  point  for  capture 
of  maximum  quantities  of  water  and  for  maximum  dilution  for 
quality  improvement.  The  dry  weather  pickup  at  this  point 
was  about  0.61  c.f.s.  on  September  25,  1963. 
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3.  Ground  water  ie  not  a source  of  large  quantities  of  water 
in  the  area  of  the  Patoka  reservoir.  The  rods  in  the  ;ool 
area  are  of  small  pertueabil  ity  and  yield  only  small  amounts 
of  water.  The  increased  zone  of  saturation  in  the  con- 
tiguous aquifers  caused  by  impoundment  of  water  will  have 
little  effect  on  ground-water  yields. 

4.  Losses  to  the  contiguous  aquifers  in  the  pool  area  will  be 
small  due  to  the  small  permeability  of  these  rods.  Al- 
luvium at  the  dare  site  may  be  more  than  50  feet  in 
thickness  and  losses  through  it  can  be  expected  if  it  Is 
not  sealed. 

5.  Buried  channels,  downstream  from  the  dam,  may  divert  some 
water  from  the  basin,  especially  the  channel  nearest  the 
dam  site. 


; 

! 


Approximate  locations  ot  burled  channels 


Geologic  boundaries 
Illinoian  Glacial  boundary 


Drainage  divide 


FIGURE  1 . — Geology  controls  availability  of 
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Relative  yields  and  water  levels 


Yield 

(«J») 

Water  Levels 
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land  surface) 
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Recent- 
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Pickup  from  ground  water 
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No  apparent  pickup  or  loss,  pickup  prob- 
ably balanced  by  evapotranapiratlon 

vm 

Lose  to  ground  water  through  buried  chan- 
nels and/or  evapotranapiratlon  greater 
than  ground  water  discharge 


Approximate  location  of  buried  channels 


Approximate  boundaries  between  areas  of 
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Drainage  divides 

Data  points,  numbers  refer  to  table 


FIGURE  _2_. --Streasf  low  during  dry-weather  pel 
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Map  number 

Date 

Drainage  area 
(sq  ml) 

Discharge 

(cfs) 

Yield 

(cfs/sq  mi) 

Remarks 

1 

9-24-63 

3 

,06i/ 

.01 

2 

9-24-63 

29 

.03±/ 

.001 

3 

9-25-63 

135 

.004 

4 

9-25-63 

168 

.61—^ 

.004 

Dam  site 

5 

9-25-63 

171 

.62 

.004 

El lsworth  gage 

6 

9-25-63 

257 

0 

0 

Jasper  gage 

7 

9-16-63 

603 

2 . 78 

.005 

Winslow  gage 

8 

9-25-63 

815 

10.5 

.013 

Princeton  gage 

9-26-63 

860 

11 .3^ 

.013 

a/  Miscellaneous  measurement 
b/  Estimated 


-Streaeflow  during  dry-weather  periods  Is  a measure  of  ground-water  yield. 
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Geology  after  Perry  and  Salth 


)RD  CO. 


Lower  Pennsylvanian  Series 
Predominantly  sandstone  and  shale 

LMc  _ J 

Chester  Series 

Sandstone,  shale,  and  limestone 


Meramec  Series? 
Predominantly  limestone 


Yields  small  quantities  of  ground 
water,  generally  adequate  for 
domestic  and  stock  supplies.  No 
large  yields  because  of  small 
permeability.  Chemical  quality 
becomes  poorer  with  depth;  water  is 
usually  unfit  for  human  consumption 
at  depths  greater  than  300  feet 


Approximate  boundaries  between  areas 
of  pickup  and  loss  as  shown  on 
figure  2 


Outline  of  maximum  pool,  elevation 
550  feet  msl 


Data  point 

Number  refers  to  figures  2 and  3 


nd-water  charac‘erlstics  of  the  bedrock  at  the  Patoka  Reservoir  site. 


Pat ok a River  Basin 
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TABLE  1 .--Summary  of  Ground-Water  Hydrogeolog 

Geology,  Material,  and 
water-bearing  proper- 
ties i — 


- I Availability  of  Ground  Vater  Quality  of  Ground  Water 


Cl  I 


\nml 


Present  use  of 
Ground  Water 


Recent  alluvium, con- 
tains sand  and 
soae  gravel;  re- 
lative permeabil- 
ity unknown  but 
probably  is  less 
than  the  Pleisto- 
cene sand  and 
gravel  and  sore 
than  the  bedrock 


Pleistocene  sand 
and  gravel;  large 
permeability 


Upper  Pennsylvanian 
chiefly  sandstone; 
small  permeabil- 
ity; all  but 
small  area  cover- 
ed by  glacial  de- 
posits 


Middle  Pennsylvan- 
ian chiefly  sand- 
stone; small 
permeability 


Lower  Pennsylvanian 
chiefly  sand- 
stone; small 
permeabl llty 


Upper  Mlsslsslppian 
chiefly  lime- 
stone; small 
permeability;  few 
secondary  open- 
ings 


May  be  the  source  of 
small  to  moderate  sup- 
plies; shallow  water 
levels 


Probably  similar  to 
that  in  the  upper 
part  of  the  rock 


Moderate  to  large  sup- 
plies; shallow  water 
levels 


Needs  treatment  for 
municipal  and  in- 
dustrial purposes; 
subject  to  con- 
tamination; hard 
to  very  hard;  more 
uniform  quality 
than  water  from 
rock  aquifers 


Unknown;  but  pro- 
bably small 

Unknown;  but  wll! 
probably  remaii 
small;  will  be 
covered  in 
large  part  in 
the  reservoir 
area  by  impoua 
sent  of  water 

Domestic  and 

Source  of  water 

t»rm,  wl tb 

for  municipal 

minor  develop- 

and  industrial 

ment  for  muni- 
cipal and  in- 
dustrial 

supplies 

Small  supplies;  shallow 
water  levels  under  the 
valleys  and  deep  under 
the  hills 


Domestic  and  farm 
primarily;  with 
minor  develop- 
ment for  small 
municipal 


Above  dam  site — not  gen- 
erally a source  of 
water;  this  rock  oc- 
cupies the  tops  of  the 
hills  and  ground-water 
levels  are  generally 
below  the  bottom  of  it 
in  the  reservoir  area 


Small  supplies;  shallow 
water  levels  under  the 
valleys  and  deep  under 
the  hills 


Generally  used  with 
out  treatment  for 
domestic  and  farm 
purposes;  becomes 
highly  mineralized 
with  depth;  gener- 
ally unfit  for  hu- 
man consumption 
below  300  feet  in 
depth 


Not  a source  of 
large  suppllss 
will  Increase 
as  rural  non- 
farm popula- 
tion increases 


Domestic  and 

farm 


j of  Ground  Water 


trig; 


Present  use  of 
Ground  Water 


Potential  use  of 
Ground  Water 
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the  Patoka  River 
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3 
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Improved  by  ground-water  discharge 
during  low  flow  periods  near  the 
mouth  of  the  Patoka  River;  near 
Princeton  the  chemical  quality  and 

Higher  stages  « 

temperature  of  water  in  stream  is 
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1, 
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2, 
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no  flow  at  times 
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contact  between  limestones  and 

point  with  r( 

underlying  shales 

gard  to  grool 
water  pickup 
quality  lmpn 

ment 

Impounding  vatl 

in  the  ressn 

will  cause 
ground-water 
levels  to  rll 
In  the  surr« 
1 ng  aquifers 
Increase  tb* 
mount  of  watl 
In  storage  b 
will  have  11 
effect  on 
water  yields 

>1 J similar  to 

In  the  upper 
of  the  rock 


Unknown;  but  pro-j 
bably  snail 


treatment  for 
^elpal  and  ln- 
lal  purposes; 
Kct  to  coo- 
ation;  bard 
iry  hard;  sore 
ra  quality 
water  froa 
aqul fers 


Domestic  and 
farm,  with 
alnor  develop- 
ment for  munl- 
clpal  and  In- 
dustrial 


Domestic  and  farm 
primarily;  with 
minor  develop- 
ment for  small 
municipal 


buy  used  slth 
treatnent  for 
■tic  and  farn 
■ess ; becomes 
fcly  mineralized 
k depth;  gener- 
1 unfit  for  hu- 
consumptlon 
me  300  feet  In 
tb 


Domestic  and 

farm 


iiil  liisil  iis  I i m 


Ground-Surface  Water  Relations 


Effect  of  Daa  on 
Ground  Water 


Remarks 


pst  ground-water  pickup  in  this 
•ch  of  stream;  chemical  quality  and 
iBperature  of  water  in  the  stream 
proved  by  ground-water  discharge 
fring  low  flow  periods  near  the 

5th  of  the  Patoka  River;  near 
nceton  the  chemical  quality  and 
)■ perature  of  water  in  stream  is 
far,  probably  due  to  the  activities 
r the  coal  and  petroleum  industries 
Stream;  some  water  may  be  lost  from 
frream  to  burled  channel 


I 

-water  pickup  during  most  of  the 
; source  area  for  most  of  the 
imlnatlon  from  coal  and  petroleum 
itrles 


dam  site — loss  from  stream  In 
reach;  loss  say  be  due  to  two 
id  channels  or  evapotransplration 
be  larger  than  ground-water  dis- 


dam  site — wet  weather  springs 
d along  contact  with  underlying 
of  Misslsslpplan  age 


-water  pickup  in  maximum  pool 
b of  stream;  springs  found  along 
act  between  limestones  and 
rlylng  shales 


See  remarks  under 
Upper  Misslssip- 
plan 


Higher  stages  dur- 
ing low  flow 
periods  will  in- 
crease the  amount 
of  storage  in  the 
aquifer;  and  im- 
prove the  quality 
in  the  stream  by 
diluting  highly 
mineralized  water 
from  coal  and 
petroleum  activ- 
ities 


More  study  needed  to  map  areal  extent 
and  potential  and  to  determine  the 
•ffect  of  burled  channel  on  stream 
flows;  evidence  of  petroleum  wastes 
in  this  reach  and  contamination  from 
coal  miring  operations;  dissolved 
oxygen  determination  indicates  that 
deoxygenation  is  not  a problem  at 
this  time 


Below  dam  site — 
loss  to  burled 
channels  may  in- 
crease with  in- 
crease in  dis- 
charge in  stream 
during  dry 
weather 


More  study  needed  to  determine  the  ef- 
fect of  burled  channels  on  stream 
flow;  evidence  of  petroleum  wastes  in 
reach  below  dam  site;  dissolved  oxy- 
gen determination  in  this  reach  in- 
dicates that  deoxygenation  may  be  a 
problem 


Daa  located  near 
the  optimum 
point  with  re- 
gard to  ground- 
water  pickup  and 
quality  improve- 
ment 


Karst  topography  is  formed  on  these 
rocks  where  they  occupy  the  topo- 
graphic highs  on  the  bedrock  surface 
but  these  conditions  apparently  do 
not  exist  within  the  area  of  the 
maximum  pool 


Impounding  water 
in  the  reservoir 
will  cause 
ground-wa  ter 
levels  to  rise 
in  the  surround- 
ing aquifers  and  j 
increase  the  a- 
aount  of  water 
in  storage  but  i 
will  have  little1 
effect  on  ground- 
water  yields 


The  rocks  of  Late  Misslsslpplan  age  at  < 
the  dam  site  are  overlain  by  Recent 
alluvium  which  may  be  greater  than  50 
feet  in  thickness;  losses  may  occur 
through  this  material 

Dissolved  oxygen  determination  lndicatec 
that  water  in  this  reach  is  recently 
discharged  ground  water 
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In  reply  refer  to: 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
BUREAU  OF  SPORT  FISHERIES  AND  WILDLIFE 

1006  WEST  LAKE  STREET 
MINNEAPOLIS.  MINNESOTA  55406 


District  Engineer 
U.  S.  Army  Engineer  District 
Louisville 
P.  0.  Box  59 
Louisville  1,  Kentucky 


This  is  our  Detailed  Report  on  the  plan  for  flood  control  and  allied  pur- 
poses in  the  Embarrass  River  3asin,  Illinois.  It  is  submitted  for  inclusion 
with  your  Second  Interim  Survey  Report  on  water  resource  development  of  the 
Wabash  River  Basin.  This  report  has  been  prepared  under  the  authority,  and 
in  accordance  with  the  provisions  of  the  Fish  and  Wildlife  Coordination  Act 
(48  Stat.  401,  as  amended;  l6  U.S.C.  66l  et  seq. ).  It  discusses  the  anticipated 
effects  of  Lincoln  Reservoir  on  the  fish  and  wildlife  resources  and  contains 
recommendations  for  their  conservation  and  development. 


INTRODUCTION 


Pursuant  to  a resolution  adopted  May  6,  1958,  by  the  Committee  on  Public  Works 
of  the  United  States  Senate,  and  other  resolutions,  the  District  Engineer, 

Corps  of  Engineers,  Louisville,  Kentucky,  has  been  directed  to  review  prior 
reports  with  a view  to  determining  whether  improvements  in  the  interest  of 
flood  control  and  water  resource  development  are  advisable  at  this  time  on  the 
Wabash  River  and  tributaries.  In  response  to  the  resolution,  the  Corps  of 
Engineers  is  currently  studying  a multiple-purpose  project,  known  as  Lincoln 
Reservoir  on  the  Embarrass  River.  The  purposes  for  which  the  project  will  be 
constructed  are  flood  control,  general  recreation,  fish  and  wildlife  recreation 
water  supply,  and  water  quality  control. 


This  report  is  based  on  engineering  information  obtained  through  correspondence 
and  discussions  with  the  Corps  of  Engineers,  Louisville  District.  It  discusses 
the  anticipated  effects  of  the  Lincoln  Reservoir  or.  fish  and  wildlife  and  con- 
tains recommendations  for  the  conservation  and  development  of  these  resources. 
Evaluations  have  been  made  in  accordance  with  the  procedure  adopted  by  the 
Inter-Agency  Committee  on  Water  Resources. 


We  wish  to  express  our  appreciation  to  the  Corps  of  Engineers,  the  Illinois 
Department  of  Conservation,  the  Illinois  Natural  History  Survey,  the  Wabash 
Valley  Interstate  Commission,  and  the  Bureau  of  Outdoor  Recreation  for  the 
information  and  assistance  they  provided. 


DESCRIPTION  OP  THE  AREA 


The  Embarrass  River  flows  130  miles  south  from  its  source  which  is  just  south 
of  Champaign-Urbana  in  west  central  Illinois,  to  its  confluence  with  the 
Wabash  River.  It  meanders  through  the  gently  rolling  Champaign  Moraine  for 
the  first  30  miles  and  then  drops  into  a steep-walled,  V-shaped  valley  cut 
through  the  Wisconsin  Till  Plain  and  the  Shelbyville  Moraine.  This  steeper  V- 
shaped  valley  extends  for  about  4 5 miles.  Tributaries  through  this  reach  are 
of  steep  gradient,  20  or  more  feet  per  mile.  This  is  an  ;rea  cf  serious 
erosion.  Near  the  Coles- Cumberland  County  line,  t-he  river  flews  into  the 
lower  Illinoian  Till  Plain.  From  this  point  to  its  junction  with  the  Wabash 
River,  the  valley  is  broad,  flat-bottomed  with  rather  steep  valley  walls.  The 
Basin  drains  a total  of  2,500  square  miles  with  ;X5  square  miles  lying  above 
the  damsite.  The  project  is  located  in  the  steep-walled,  V-shaped  valley  that 
characterizes  the  stretch  through  the  Shelbyville  Moraine. 

A stream  gauging  station  existed  on  the  Embarrass  River  near  Oakland  for  the 
period  1910  through  1915-  Oakland  is  near  the  Douglas- Coles  County  Line  and 
will  be  within  the  project  area  about  20  mile?  north  cf  the  damsite.  The 
average  flow  during  this  period  of  record  was  133  c.f.s.;  the  maximum,  1,860 
c.f.s. ; and  the  low, zero.  Limited  data  is  available  from  a stream  gauging 
station  near  Diona  which  is  near  the  damsite.  The  three  years  for  vfoich 
complete  monthly  records  are  available  indicate  an  average  flow  of  7^3  c.f.s.; 
maximum,  ll , 600  c.f.s.;  and  minimum, .2.6  c.f.s. 

A large  amount  of  silt  is  carried  by  the  Embarrass  River  and  if  rarely  is  clear. 
Indicative  of  this  is  lake  Charleston,  an  impoundment  on  the  main  stem  of  the 
River,  which  lost  10 $ of  its  storage  capacity  to  si Iran ion  between  19^7  and 
I960. 


Oil  wells  are  common  in  the  central  and  scunner:-:  yrticn  of  the  basin  and  oil 
pollution  is  a problem.  Ir.  addition,  some  domes ti  and  industrial  pollution 
enters  from  the  municipalities  thru.gr  whirr,  it  flews. 


Precipitation  varies  from  Ul’*  in  fh“  r 
north.  Mean  July  temperatures  r; age  from  7b 
and  mean  January  temperatures,  from  k5  ir  r 
growing  season  is  180  to  1J0  days  long. 


par-,  cf  hue  basin  no  37"  in  the 
I the  soutl  to  76°  in  the  north; 
■ -..a  t:  26°  in  the  north.  The 


Soils  of  the  basin  developed  from  a moderat.  thirl  layer  cf  loess.  Both 
forest  and  prairie  soils  are  present.  Frairie  : oil?  predominate  north  of  the 
Coles -Cumberland  County  line  and  forest  “fh  of  this  line.  Cash  grain 

farming  predominates  on  the  prairie  soils  and  grain-live,  tock  farming,  on  the 
forest  soils. 


The  Richland  County  Hunting  Area,  consisting  of  leased  hunting  rights  on 
private  land,  is  in  the  Basin.  In  addition,  public  hunting  is  permitted  on 
Red  Hills  State  Park,  Crawford  County  Stste  rk,  and  Jasper  County  State 
Park. 


The  51^~ acre  Douglas  County  Conservation  Area,  of  which  about  75  acres  will  he 
within  the  project  flood  pool,  also  provides  public  hunting.  The  Illinois 
Department  of  Conservation  plans  to  construct,  a 70-acre  public  fishing  lake 
on  this  area. 

The  following  Public  fishing  lakes  are  in  the  Basin;  Lake  Charleston,  225 
acres;  Lincoln  Trail  Lake,  158  acres;  and  Red  Hills  Lake,  40  acres.  Lake 
Charleston  is  formed  by  a dam  on  the  mainstem  of  the  Embarrass  River  near 
Charleston  within  the  project  area.  Some  public  fishing,  as  well  as  a 
fishery  research  station,  is  provided  at  Ridge  Lake  which  lies  within  the 
project  area. 

The  population  within  25  miles  cf  the  project  area  is  about  76, 000.  Major 
towns  within  2-5  miles  are  Charleston  (10,500)  and  Mat.toon  (19,088).  The 
population  within  50  miles  is  about  448,600.  Major  towns  within  this  zone 
include  Champaign-Urbana  (78,877).  Terre  Haute  (72,500),  and  Decatur  (78,000). 
Springfield,  population  83,271,  is  85  miles  from  the  project  area;  East  St. 
Louis,  population  81,712,  120  miles;  Peoria,  population  103,162,  115  miles; 
and  Chicago  and  urban  fringe,  population  5,959,213,  160  miles.  State  and 
Federal  highways  provide  good  access  to  the  project  area. 

DESCRIPTION  OF  THE  PROJECT 

The  damsite  is  on  the  Embarrass  River  about  10  3 miles  above  the  confluence 
with  the  Wabash  River. 

The  2,400-foot  dam  will  be  a rolled,  ea.rth-fill  structure.  It  will  have  a 
crest  elevation  of  648  and  will  be  approximately  110  feet  in  height  above  the 
streambed.  The  spillway  will  be  an  uncontrolled,  open  channel  through  the 
left  abutment.  The  width  of  this  channel  will  be  100  feet.  The  outlet  works, 
along  the  toe  of  the  left  abutment,  will  consist  cf  cylindrical,  concrete 
conduit  having  an  outside  diameter  of  10  feet;  three  control  gates,  4 feet 
wide  by  8 feet  high;  and  a stilling  basin.  A multiple  stage  outlet  will  be 
incorporated  into  project  plans. 

At  the  minimum  pool  elevation  of  584,  the  reservoir  will  inundate  4,310  acres 
(ihble  l).  The  seasonal  pool  at  elevation  596  will  cover  6,760  acres  and  at 
full  flood-control  pool  (elevation  620)  the  surface  acreage  will  be  21,250. 

The  seasonal  pool  elevation  (596)  will  be  attained  uhree  years  out  of  four 
between  April  30  and  September  15. 

Table  1.  Lincoln  Reservoir 

Elevation  Capacity  Area  Stream  Miles 


Tool 

(ft.  m.s.l. ) 

(Ac.  Ft.) 

(Acres) 

Inundated 

Minimum 

584 

61,315 

4,310 

26 

Seasonal 

596 

65,450 

6/T6O 

3^ 

Flood  Control 

629 

476,985 

21,250 

58 

3 


FISH  AND  WILDLIFE  RESOURCES 

Without- the -Project 

Fishery 

The  Embarrass  River  furnishes  a lightly  utilized  warm-water  sport  fishery. 

Fish  species  of  value  for  angling  include  iongear  sunf ish,  green  sunfish, 
channel  catfish,  Kentucky  spotted  bass,  carp,  and  various  suckers.  Fish  are 
also  caught  in  the  lower  reaches  of  five  tributaries. 

Fish  collections  were  made  in  1962  by  the  Illinois  Department  of  Conservation, 
Division  of  Fisheries,  at  20  sampling  stations  along  the  Embarrass  River. 

Forage  fish  represented  82.7 1°  of  the  total  number;  game  fishes,  15.1 $ and 
commercial  fish, 2. 2%.  By  total  weight,  commercial  species  led  with  38.1$; 
game  fish,  31*8 fo  and  forage  fish,  30.1$. 

Access  to  the  Embarrass  River  is  limited  since  all  streams  flow  through 
private  property.  This  has  resulted  in  heavy  fisherman  concentrations  at 
bridges.  This  concentration  of  fishermen  has  led,  in  some  instances,  to  the 
depletion  of  fish  populations  in  the  immediate  vicinity  of  the  access  point 
while  other  areas  are  under-utilized. 

The  last  reported  commercial  fishery  activity  or:  the  Embarrass  River  was  in 
1950. 

The  86  miles  of  stream  (including  59  miles  of  Embarrass  Main  Stem,  9 miles  of 
Kickapoo  Creek,  11  miles  of  the  Little  Embarrass,  and  7 miles  of  Brushy  Fork) 
that  will  be  within  the  project  area  presently  supports  approximately  3,870 
annual  fisherman- days  use.  The  200-acre  Charleston  Reservoir,  which  will  be 
inundated  by  the  minimum  pool,  supports  approximately  6,000  annual  fisherman- 
days  use.  Ridge  Lake,  a 17.7- --re  impoundment  operated  by  the  Illinois  Natural 
History  Survey,  will  be  inundated  by  the  seasonal  peel.  Fishing  on  this  lake 
is  by  permit  only  and  at  restricted  times . This  fisherman  utilization  is 
limited. 

Fisherman  utilization  does  not  reflect  the  importance  of  Ridge  Lake  to  the 
fishery  profession  and  the  advancement  f fishery  knowledge.  Ridge  Lake,  in 
Fox  Ridge  State  Park,  is  an  important  fisher:  a research  station.  The  lake 
and  facilities  were  constructed  between  1938  a,-  d .1  ikj.  by  the  C.C.C.  A number 
of  important  fishery  studies  have  been  conducted  here  by  tine  Illinois  Natural 
History  Survey  and  current  studies  are  under  v-y. 

Wildlife 

Land  use  in  the  Elnbarrass  Basin  has  favored  the  f'a.rm  game  species  --  cotton- 
tail rabbit,  ring-necked  pheasant,  and  tobwhite  quail.  Eighty-five  per  cent 
of  the  land  of  the  basin  is  suitable  for  crop  production.  Cash  grain  farming 
predominates  north  of  the  Shelbyville  moraine  and  a combination  of  cash  grain 
and  livestock  agriculture  is  important  south  of  this  line.  Cottontail  rabbits 
are  found  throughout  the  basin,  with  the  tetter  populations  occurring  in  the 
southern  part,  due  to  more  rolling  topography  with  mere  brushy  fencrows  and 
ravines . 


Li 


Pheasant  populations  range  from  high  in  the  northern  portions  of  the  basin 
to  absent  in  the  southern  portion,  with  the  better  populations  associated 
with  prairie  soils  and  cash  grain  farming. 


Quail  occur  throughout  the  basin.  The  better  populations  are  found  in  the 
southern  part  of  the  basin  and  are  associated  with  the  more  rolling  topography 
and  more  brushy  fencerows  and  ravines. 


The  agricultural  lands  within  the  project  area  support  good  populations  of 
rabbits  and  quail  and  fair  pheasant  populations  in  the  upper  portions  of  the 
flood  pool,  particularly  in  Douglas  County. 


Fox  squirrels  are  distributed  throughout  the  wooded  portions  of  the  basin. 
Grey  squirrels  occur  in  the  more  extensive  timber  areas,  particularly  in  the 
southern  portion  of  the  basin.  Beth  fox  squirrels  and  gray  squirrels  live 
within  the  area  of  project  influence. 


Deer  range  is  restricted  to  the  Embarras 
growing  herd  is  present. 


Night  hunting  for  raccoons  is  a popular  sport  among  local  residents  within  the 
project  area. 


Nesting  wood  ducks  are  present  and  migrants,  principally  puddle  ducks, use  the 
valley  moderately.  Approximately  86  miles  of  stream  habitat  and  200  acres  of 
impoundment  habitat  are  present  within  the  project  area.  This  wetland  habitat 
supports  about  1,1+00  annual  waterfowl  hunter-days  use. 


With- the -Project 


The  seasonal  pool  will  result  in  the  I 
supports  about  1,500  annual  fisherman- 
supporting  about  1,000  annual  fisherma 
pool  portion  of  the  project. 


.leg  of  stream  fishery  that 
Verty-four  miles  of  stream 
re  contained  in  the  flood 


The  34-mile  reach  of  stream  will  be  replace 
by  the  seasonal  pool.  If  properly  managed, 
of  supporting  80,400  fisherman -days  ' e r iv 


7^0-acre  reservoir  formed 
servoir  will  be  capable 
lued  at  $80,400. 


Conditions  for  a tailwater  fishery,  e;  ‘ imted  .10,700  annual  fisherman -days 
use  valued  at  $15,932,  will  exist  in  the  fir.-*  mile  below  the  dam  if  provisions 
outlined  in  the  fishery  plan  are  implemented. 


Charleston  Reservoir,  a water  supply  impoundment  on  the  Embarrass  River,  will 
be  inundated  by  both  the  minimum  and  seasonal  pools.  As  a result,  the  approxi- 
mately 6,000  annual  fisherman-days  use  supported  by  this  reservoir  will  be  lost 


The  seasonal  pool  (elevation  593)  will  inundate  the  Illinois  Natural  History 
Survey  operated  Ridge  Lake  in  Fox  Ridge  State  Park.  This  lake  supports  only 


minimal  fishing  pressure.  However,  fisherman  utilization  is  r.eJ  the  true 
criteria  of  the  fishery  importance  of  this  installation.  I.1' is  is  an 
important  fisheries  research  station.  Not  only  the  lake  but  s fisheries 
research  laboratory  building  will  be  destroyed. 

The  Illinois  Department  of  Natural  Resources  plans  rc  construct  a 7 > -acre 
laKe  on  the  51^-acre  Douglas  County  Conservation  Area.  He  project  woulu 

interfere  with  these  plans. 

Wildlife 

J ' 

The  reservoir,  at  seasonal  pool  elevation,  will  inundate  6,760  acres  oi 
upland  game  habitat  and  result  in  the  loss  of  1100  annual  upland  game 
hunter-days  use.  The  land  contained  between  -••sHSenal  pool  elevation  590  ana 
the  limit  of  project  acquisition  will  approximate  28, 7^0  acres.  Some  of  this 
land,  will  be  unusable  for  public  hunting-  since  p.  rti'.us  will  be  used  for 
general  recreation  developments.  Port  ■‘•ms  will  be  reduced  in  public  hunting 
value  due  to  intermittent  flooding  or  being  ;.-uta  rued  in  narrow  strips.  Some 
interference  with  present  plan,-  for  wildlife  development  of  the  State -owned 
Douglas  County  Conservation  Area,  which  is  partially  in  the  flood  pool,  may  be 
anticipated.  There  will  be  about  22,000  acres  of  land  that  will  be  capable 
of  supporting  6,100  upland  game  hunter -days  use  assuming  fee  acquisition  of 
all  project  land  and  assuming  certain  area;  are  made  available  to  the  Illinois 
Department  of  Conservation  through  the  terms,  cf  a General  Plan. 

FISH  AND  WI..  •IFE  KAN 

Fish  | 

Fishery  management  within  the  project  should  be  under  the  jurisdiction  of  the  j 

Illinois  Department  of  Conservation.  Management  pr-. c-*  sees  would  include 

stocking,  pre  and  poet-impouadmer. t per 2 *•••:.••  ..  bt  rd  f : -hery  surveys.  1 

Access  facilities  should  be  suf'fi.  lent  V a:  -.•- the  fisting  pressure  that 

is  anticipated.  It  is  assumed  thac  adequ-  te  fi  -nerm-.u  access  will  be  pro-  j 

vided  to  the  lower  portion  of  the  pool  in  cor.  u.  with  ec w provisions  for 

general  recreation.  It  is  pa.rtic-  .V  rly  inrpexu-.r  - - * fisherma:  access  be 

provided  in  the  area  of  the  upper  ?en-u.-I  p.  • I,  hi-  ■ g .tier , eight  fisherman 

access  sites  will  be  needed  - seven  at  r re  r.-j.  er  . ,.r  -..nd  cue  at  the  tail- 

waters.  3 

A zoning  plan  should  be  developed  hi  pre  • :1V.  hi  between  reservoir  users. 

This  plan  should  be  determined  after  cocporativ  • -••••;  Le.  between  this  Bureau, 

the  Illinois  Department  of  Conservation  -d  the  Cor,.-  :f  Engineers. 

Standing  timber  should  be  left  in  select--!  areas  whi uh  are  to  be  inundated. 

These  areas  provide  a varied  fish  habitat,  act  a-  fiv.h  concentrators  and  help 
fishermen  to  locate  fish  concen.tr  .tier.  - . ~.ugV  .g  s hcflild  be  permitted  from  the 
reservoir  side  of  the  dam  and  in  the  -r  rc*  .-.d  lever.  These  are  areas 
of  fish  concentration. 


A multiple- stage  outlet  should  be  incorporated  into  the  project  design.  The 
elevations  of  outlet  portals  should  be  determined  by  future  cooperative 
studies  between  this  Bureau  and  the  Illinois  Department  of  Conservation. 

Outlets  at  various  levels  are  necessary  in  order  to  maintain  desirable  water 
quality  in  the  reservoir  and  the  tailwaters. 

Additional  land  should  be  acquired  to  provide  public  access  to  the  tailwaters. 

There  should  be  no  restrictions  on  fisherman  use  of  the  stilling  basin  or  tail- 
waters  except  as  required  for  safety  and  efficient  operation.  Adequate  flows  will 
be  needed  below  the  dam  in  order  to  maintain  good  fish  populations. 

Ridge  Lake,  including  the  fishery  laboratory  building,  will  be  inundated  by 
Lincoln  Reservoir.  This  facility  is  operated  by  the  Illinois  Natural  History 
Survey.  It  is  an  important  fishery  research  station.  Replacement  of  this 
facility  will  be  necessary. 

Every  effort  should  be  made  to  coordinate  project  plans  with  the  planned  con- 
struction, by  the  Illinois  Department  of  Conservation,  of  a 70-acre  public 
fishing  lake  on  the  Douglas  County  Conservation  Area. 

The  Recommendation  Section  of  this  report  includes  detailed  information  on 
methods  to  implement  the  Fish  and  Wildlife  Plan. 

The  fishery  plan  would  require  the  purchase  of  about  20  acres  of  land  below 
the  dam  adjacent  to  the  tailwater  at  a cost  of  about  $7,000.  Initial  cost 
amortized  at  3 1°  interest  based  on  100-year  project  life  is  $221.00.  This  cost 
should  he  borne  by  the  project  and  considered  non -reimbursable. 

The  plan  would  also  require  a 50  car  parking  lot  below  the  dam  at  a cost  of 
about  $10,000  which  would  be  borne  by  the  project.  Initial  cost  amortized  at 
3#  interest  based  on  100-year  project;  life  i-  about  $ It . Annual  operation 
and  maintenance  costs  for  this  land  and  fishen  :ess  f :ility  would  be 

about  $100  which  would  be  borne  by  the  111 in- 'i  Department  of  Conservation. 

The  initial  development  cost  of  establishing  a fish  population  would  approximate 
$25,000.  This  would  consist  of  preimpour,  inert  urvy-  , fish  stocking,  and  fishery 
rehabilitation.  The  amortized  cost  would  be  About  $791* 

Annual  fishery  management  operation  and  main  leaar'-o  - uld  approximate  $5,000. 

This  would  consist  of  such  things  as  fish  surveys,  1 cmnclogical  investigations 
and  rough  fish  removal. 

Fishery  management  costs  would  be  borne  by  the  Illinois  Department  of  Conservation. 

Cost  of  replacing  the  Illinois  Natural  History  Survey  operated  Fishery  Research 
Center  at  Ridge  Lake  which  will  be  destroyed  by  the  project  should  be  borne  by 
the  project  and  be  non-re imbur sable.  This  includes  (l)  a 16-20  acre  impound- 
ment (2)  a gate  valve  and  outlet  large  enough  to  drain  the  lake  in  L8  hours 
(3)  a laboratory  building  sufficient  +.0  replace  the  building  that  will  be 
destroyed  (h)  a boat  dock  in  connection  with  the  laboratory. 
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Table  2.  Effects  of  Lincoln  Reservoir  Project  or.  Fish  and  Wildlife 


Resources.  Without,  and  With  the  Project  As  suiting  Full 
Implementation  of  the  Plan  and  Including  Costs  of  the  Fish 
and  Wildlife  Plan 


Without -the-project With  Project  and  Fish  and  Wildlife  Plan 


Acres/ 

Miles 

Man  Days  Acres/ 
of  use  Miles 

Mar.  lays 
of  Use 

Increase 
in  Man  Cays 

Value  of 
Increase 

Amortized  Ann. 
Int .Cost  0&M 

Fishery 

Stream 

85 

3,825 

24 

1000 

Tailwater 

1 

45 

1 

10,700 

10,655 

$lo,9tt2 

$537  • 

$100. 

Impoundment 

217 

6,000 

6,760 

80,400 

■%,400 

$74,400 

$791* 

$5,000* 

Wildlife 

Upland  Game 

35,500 

6,700 

22,000 

6,400 

-- 

-- 

$791 

$5,000 

Waterfowl 

86  miles 

i,4oo 

52  mile 

3 2,000 

600 

$8,800 

— 

stream 
200  acre 
impoundment 

stream 
6,760  a 

ores 

♦Does  not  include  cost  of  replacing  the  ...llir.  .is  'Vat Aral  History  Survey  Fishery  Research 
Center  and  lake 


Wildlife 

In  order  to  compensate  for  wildlife  losses,  til  project  lands  should  be 
acquired  in  fee.  The  project  lands  -v.d  waters  north  of  State  Route  130 
and  all  project  lands  and  waters  nor"-':,  of  F .A.S.  Real  170  where  this  road 
crosses  Kickapoo  Creek  should  be  mane  -.vot  iatle  it  the  Illinois  Department 
of  Conservation  through  the  proviso  ns  of  - ,ener-..i  Plan  in  accordance 
with  Section  3 of  the  Fish  and.  Wildlife  he . dlnati.'t  let. . (See  Plate  I) 


Standing  timber  should  be  left  uncut 
provide  habitat  for  waterfowl 


i.r  cr.-t-v  n?  to  ce  inundated  to 


Project  plans  should  be  coordinate.:,  with  plans  of  the  Illinois  Department 
of  Conservation  for  the  management  of  the  5^-0 -acre  Douglas  County 
Conservation  Area  which  will  lie  par*  ..ally  within  the  project  area. 


The  land  that  would  be  made  available  to  the  Illinois  Department  of 
Conservation  will  entail  certain  initial  costs,  primarily  for  hunter 
parking  facilities,  access  roads  and  Isnd  posting.  These  costs  should 
be  borne  by  the  project,  be  non -reimbursable , and.  would  total  about 
$25,000.  These  costs  reduced  to  appropriate  annual  equivalents  are  $791. 


Costs  to  be  'borne  by  the  Illinois  repariment  cf  Conservation  for  annual 
operation  and  maintenance  would  be  about  $5,000  or. i would  include  sign 
replacment,  parking  lot  and  access  roan,  mai.ntenar.ee,  vege*  ion  control, 

and  hunter  management . 


RE  iMME.VIAT. . i'V:. 


In  view  of  the  existing  and  potential  fish  and  wildlife  resources  in  the 
project  area  and  the  potential  of  Lincoln  Reservoir  no  contribute  to 
increased  opportunity  for  the  enjoyment  oi  these  resources,  it  is  recom- 
mended that: 


1.  The  conservation,  improvement,  and  development  of  fish  and  wildlife 
resources  be  among  the  purposes  tor  vt  : t - t • - project  is  authorized,. 


8. 


Fishery  management  be  under  the  jure  sd.ee 
ment  of  Conservation. 


of 


Illinois  Depart- 


3*  There  be  a total  of  at  teas’-  sever  fisherm.au  access  sites  on  the 
reservoir,  each  consisting  of  an  access  road,  boat  launching  ramp, 
and  parking  for  at  least  40  car?  wrh  boat  *railers.  Four  should 
be  located  on  the  lower  por  lot  tf  »'**  seasonal  p el  and  their 
location  should  be  determi’ -n  • c meet  i .:  general  recreation 

areas.  The  three  located.  . e upper-  le-.c".  -s  f the  seasonal 
pool  should,  be  at  Where.  Ct-iarcy  Rsa-p  17C  e Ters  the  seasonal 

pool  on  the  Kickapoc  ..  reetc  Bmt-aymen*  , t • w>ere  ounty  Road  17 
enters  the  seasonal  pool  or  the  west  side  ,c)  At  the-  point  on 
the  west  side  of  the  seasonal  pool  eppo-  te  the  junction  of  the 
Embarrass  and  Little  Embarrass  Rive-r  ? All  launching  ramps  should 
be  usable  to  elevatio..  -R4'  . 


h.  Standing  t imber  be  lef"  »n  Itiian  '*--k  Earb  -.vrr,®r.t  ,b)  Kickapoo 
Creek  Embayment  ,'c)  W>s4  store  Cr-eK  Emt  -.  - Mair.  yi  of  the 

reservoir  north  cf  Whets*  o:  e . r--  E.i.r  - /p  - • t 


Angling  be  permitted  : : >n.  4 • 
area  around  the  outlet  to.-: 


te  of 


1 -t/t , s.nd  the 


6.  A parking  lot  of  at  le- 

dam 


f " pf 


1 j- 1 below  the 


7-  That  there  be  no  rest  r ; : f : . uiv  ..  - t • • e st  illing 

basins  and  t-ailwaters  e>  rep  a;  atscia  r-quir-i  for  safety  and 

efficient  oper&t ion . 


A 1000  x 50  yard,  strip  of  rani  be  - _jn:  r - 1 .-.-few  on  eacn  side  of 
the  stream  below  the  i-..T  to  provide  f r public  s.ccess  *o  the  tail- 
water  . 


9-  The  minimum  instantaneous  reie--.se  teiow  the  dam  he  e^ual  to 
normal  inflow  minus  pool  evaporation,  except  that  the  minimum 
instantaneous  flow  never  'be  less  than  JO  r-.f.s. 

10.  The  multiple  stage  outlet  which  has  teen  include!  in  project 
plans  have  three  outlet  portals  with  eleva* ions  to  be  determined 
after  future  studies  toy  the  Public  Health  Service,  the  Illinois 
Department  of  Conservation,  -crA  this  bureau 

11.  The  Ridge  Lake  Fishery  Research  Station,  operated  toy  the  Illinois 

Natural  History  Survey,  he  rep.  -red  klr.i  and  include: 

(a)  A 16-20  acre  impoundment  with  sufficient  watershed  and  runoff 
to  fill  the  lake  7 or  8 times  du.rir'g  a year  of  normal  rainfall. 

(to)  A gate-valve  and  outlet  large  e ough  to  drain  the  lake  in 
48  hours . 

(c)  A laboratory  building  that  pre vide  a similar  facility 

to  that  now  located  on  Ridge  Lake. 

(d)  A boat  dock  connected  with  the  laboratory 

12.  Project  plans  be  coordinated  vitr  *>e  p s by  the  Illinois  Department 
of  Conservation  for  the  ccnsr.ruct  ic:c  ,.f  * 70 -acre  public  fishing 

lake  on  the  Douglas  County  Conservar-i:  n s.r-a- 

13.  The  entire  project  area,  including  t - re  servo  i.r  area  up  to 
elevation  63^,  or  the  reserve!:  flood,  control  pool  plus  300  ft. 
horizontally  from  this  pool,  be  acquired  id-fee 

Ik.  All  project  lands  ana.  water  north  of  State  Route  130  and  all  project 
lands  and  water  north  of  F 4 5.  Pn-.t  i"0  where  vhis  road  crosses 
Kickapoo  Creek  be  made  a vtli-lrle  t-_  t .11 ire  is  Department  of 
Conservation  through  the  provis  re  -al  Plsr.  in  accordance 

with  Section  3 of  the  Fish  at.  3 infill:  v>  ordination  Act. 

15.  The  approximately  $10,900  or  v"  - * -.1  0 s*.  reduced  to  annual  equiv- 
alents of  the  Pish  a t Willi  1 - aid  he  borne’ by  the 

Illinois  Department  of  0 -r.ee:-  -a*  it-  h-  .-•-..steered  as  the  local 
contribution  to  project  certs  ter  : -:.t-d  wildlife;  and  all  .other 

costs  for  fish  and  wildlife  be  • - r Phis  approximately 

$10,900  would  include  about  $L0,iOQ  1 : ->u->l  pe ration  and 

maintenance  and  about  $800  for  irk  i-s.  fishery  management. 

16.  That  additional  detailed  studies  ol  1 . =:  and  .> iidlife  resources  be 
conducted,  as  necessary,  s.f*er  trie  project  is  authorized,  in 
accordance  with  Section  i of  * - - F i-r  and  Wildlife  Coordination 
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bo  1 et  se  4 . ) ; and  that 
the  authorized  project 
i rector  cf  the  Bureau  of 
f cf  Engineers , for  the 
of  these  resources. 


Act  Stat.  401,  as  attended,  lb  ' . S . 
such  reasonable  modificst ions  be  trace  ir. 
facilities  as  may  be  agreed  upon  ty  the 
Sport  Fisheries  and  Wildlife  and  the  Ci. 
conservation,  improvement , arid  den-el  < pire- 


That  Federal  lands  and  project  waters  in  the  project  area  be  open 
to  public  use  for  hunting  and  fishing  sc  long  as  title  to  the  lands 
and  structures  remains  in  the  Federal  J : verna. ant , except  for 
sections  reserved  for  safety,  efficc-cf  operation,  or  protection 
of  public  property. 


That  leases  of  Federal  land  in  the  project 
right  of  public  use  of  such  land  for  bun* 


That  a reservoir  zoning  plan  te  developed  it.  connection  with 
overall  planning  for  the  reservoir  to  ensure  that  certain  areas 
(or  certain  periods)  will  be  available,  for  fishing,  hunting,  and 
other  wildlife  purposes  without  coni  dieting  uses  for  general 
recreation.  It  is  further  recommended  that  the  reservoir  zoning 
plan  be  developed  cooperatively  with,  the  Bureau  of  Sport  Fisheries 
and  Wildlife,  ana  the  Illinois  department  of  conservation. 


Please  notify  us  of  your  proposed  act 
Also,  please  advise  us  if  there  are 
project  plans  in  order  that  the  r-p/r 


he  recommendations. 

.ge s cr  refinements  in 
acc.rdtngiy. 


:id  your  staff 


U.  S,  ARMY  r:’C-i;CE?v  DISTRICT,  /.OUIA.TLLE 
CORFS  OF  ENGINEERS 
83O  West  Broadway 
Louisville,  Kentucky  4C201 

ORLED-B  28  February  1964 


Mr.  R.  V.  Bun/ell 

Regional  Director 

Fish  and.  Wildlife  Service 

Bureau  of  Sport.  Fisheries  and  Wildlife 

1006  West  Lake  Street 

Minneapolis,  Minnesota  554cQ 

Dear  Mr.  Burvell: 

This  is  to  acknowledge  receipt  of  200  copies  of  your  report  cover- 
ing Lincoln  Reservoir  on  the  Embarrass  River,  Illinois,  and  to  furnish 
you  our  comments  on  the  recommendations  contained  therein.  It  is  pro- 
posed to  include  a copy  of  your  report  and  this  letter  in  Appendix  F 
of  the  Interim  Report  No.  2 of  Wabash  River  Basir.  Comprehensive  Study. 
Our  comments  on  each  recommendation  follow: 

Recommendation  1.  Concur. 

Recommendation  2.  Concur,  subject  to  negotiation  of  mutually- 
acceptable  agreement  between  Illinois  Department  of  Conservation  and 
Corps  of  Engineers. 

Recommendation  3*  Public  use  access  sites  will  require  detailed 
studies  of  appropriate  development  plans  during  design  stage.  These 
studies  will  give  consideration  to  all  public  recreation  needs  that 
might  be  served  by  the  project,  and  will  include  specific  consideration 
of  the  sites  and  developments  recommended  for  fishing  recreation. 
Present  consideration  of  probable  scope  of  public  access  site  develop- 
ment indicates  the  extent  of  facilities  probably  would  be  at  least 
equal  to  those  recommended. 

Recommendation  k.  Concur  in  objective.  The  specific  areas  recom- 
mended will  be  favorably  considered  for  standing  timber,  except  as 
other  project  needs  and  purposes  at  time  of  detailed  planning  for 
general  recreation,  operation  and  maintenance,  public  safety  and  aes- 
thetics may  indicate  the  need  for  possible  modification  in  the  over-all 
public  interest. 

Recommendation  5*  This  is  a matter  to  be  considered  at  the  time 
of  development  of  detailed  plans.  However,  considerations  of  public 
safety  make  this  recommendation  questionable  whether  fishing  in  these 
areas,  jiarticularly  adjacent  to  the  intake  structure,  can  be  allowed. 

Recommendation  6.  Adequate  parking  space  ould  be  provided  in 
detailed  plans  at  downstream  site. 


4. 


EX  Hi  IT 
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ORIED-B 

Mr.  R.  W.  Burwell 


28  February  1964 


Recommendation  7*  Concur  in  objective.  Considerations  of  public 
safety,  however,  probably  will  not  allow  fishing  in  the  stilling  basin 
itself. 

Recommendation  8.  Concur.  This  land  would  be  acquired  as  a part 
of  the  area  required  for  construction,  operation  and  maintenance  of 
permanent  structures  and  would  be  used  for  general  recreation  as  well 
as  for  fishing. 

Recommendation  9*  All  project  purposes  must  be  considered  in 
determining  the  storage  allocations  and  release  rates.  Storage  allo- 
cation in  the  project  plan  presented  in  Interim  Report  No.  2 for  water 
quality  control  and  water  supply  would  provide  a minimum  downstream 
flow  of  about  25  cubic  feet  per  second.  However,  if  additional  down- 
stream benefits  associated  with  increased  minimu...  flow  justify  addi- 
tional storage  therefor,  such  revision  can  be  cm.sidered  during  post- 
authorization planning. 

Recommendation  10.  Concur. 

Recommendation  11.  Replacement  of  this  facility  as  necessary  for 
maintaining  its  function  and  capability  as  affected  by  she  reservoir 
project  is  contemplated  in  the  project  plan  and  estimate.  As  in  all 
Relocation  items,  the  basis  for  settlement  will  be  a matter  for  deter- 
mination by  detailed  studies  and  negotiation  between  the  owner  and  the 
Government . 

Recommendation  12.  Concur. 

Recommendation  13.  Present  report  plans  and  estimates  are  based 
c.i  fee  acquisition  of  the  entire  reservoir  area,  to  the  limits  estab- 
lished by  the  Joint  Policy.  In  the  acquisition  process,  consideration 
of  taking  to  reduced  limits  or  lesser  estate  on  any  individual  tracts 
would  be  a matter  for  detailed  real  estate  studies  pursuant  to  the 
exception  provisions  of  the  Joint  Policy. 

Recommendation  14.  Concur  in  general  objective,  for  project 
ureas  determined  available  and  licensed  or  leased  for  fish  and  wild- 
life purposes  by  the  Corps  of  Engineers.  Extent  of  application  wcuud 
be  dependent  on  results  of  studies  for  Master  Plan  of  project  develop- 
ment and  use,  and  negotiations  with  the  Illinois  Department  of 
Conservation  during  the  design  and  construction  of  the  project. 

Recommendation  IP.  Non-Federal  investment  and  operation  and 
maintenance  costs  for  fish  and  wildlife  have  no-  been  included  in  the 
project  analysis,  and  fish  and  wildlife  benefits  claimed  for  the  proj- 
ect have  been  reduced  accordingly.  Therefore,  no  contribution  by  th 
State  would  be  required  for  reimbursement  of  project  costs  in  the  plan 
vs  presented. 


ORLED-B  28  February  196U 

Mr.  R.  VI.  Burwell 

Recommendation  16.  Concur. 

Recommendation  17.  Concur,  subject  to  additional  proviso  at  end, 
as  follows:  "or  as  may  be  determined  necessary  for  other  project  pur- 
poses in  consideration  of  over-all  public  interest." 

Recommendation  18.  Would  favorably  consider  to  extent  practicable. 
Feasibility  would  depend  upon  lease  purposes,  locations,  and  other  varia 
ble  factors  and  would  require  that  determination  be  made  on  an  individaa 
lease  basis. 

Recommendation  19.  Concur  in  general  objective.  Procedures  em- 
ployed in  detailed  studies,  planning  and  formula -.ion  of  the  Master  Flan 
for  development  and  management  of  the  project  a ca  will  give  considera- 
tion to  fish  and  wildlife  conservation,  enhancement  and  recreation  as 
well  as  other  public  needs  and  purposes. 

Your  cooperation  and  that  of  your  staff  in  connection  with  prepara- 
tion of  the  subject  report  is  sincerely  appreciated. 

Very  truly  yours. 


W.  ROPER 

Colonel,  Corps  of  Engineers 
District  Engineer 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
BUREAU  OF  SPORT  FISHERIES  AND  WILDLIFE 

1006  WEST  LAKE  STREET 
MINNEAPOLIS  8,  MINNESOTA 


January  l6,  1 96k 


District  Engineer 
U.  S.  Army  Engineer  District 
Louisville 
P.  0.  Box  59 
Louisville  1,  Kentucky 


This  is  our  detailed  report  on  the  plan  for  flood  control  and  allied 
purposes  on  Clifty  Creek,  Indiana.  It  is  submitted  for  inclusion  with 
your  Second  Interim  Survey  Report  on  water  resource  development  of  the 
Wabash  River  Basin.  The  report  has  been  prepared  under  the  authority  of, 
and  in  accordance  with  the  provisions  of  the  Fish  and  Wildlife  Coordination 
Act  (48  Stat.  L01  as  amended;  16  U.S.C.  66 1 et  seq. ).  It  discusses  the 
anticipated  effects  of  Clifty  Creek  Reservoir  on  fish  and  wildlife 
resources  and  contains  recommendations  for  the  conservation  and  development 
of  those  resources. 


INTRODUCTION 


Pursuant  to  authority  contained  in  a Senate  Resolution  adopted  May  6, 

1958  and-  other  resolutions,  the  District  Engineer,  Corps  of  Engineers, 
Louisville,  Kentucky,  has  been  directed  to  review  prior  reports  with  a 
view  to  determining  whether  improvements  in  the  interest  of  flood  control 
and  water  resource  developments  are  advisable  at  this  time  on  the  Wabash 
River  and  tributaries. 


The  Clifty  Creek  Reservoir  plan  will  serve  the  purposes  of  flood  control, 
fish  and  wildlife  conservation  and  general  recreation. 

This  report  is  based  on  engineering  information  obtained  through  corres- 
pondence and  discussions  with  you  and  your  staff  prior  to  January,  196L. 

It  discusses  the  anticipated  effects  on  fish  and  wildlife  resources  of  the 
proposed  Clifty  Creek  Reservoir  and  presents  a Fish  and  Wildlife  Plan  for 
integration  with  the  Corps  of  Engineers'  plans  for  multiple-purpose  water 
resource  development  in  this  part  of  the  Wabash  River  Basin. 

Evaluations  of  the  effects  of  this  project  on  fish  and  wildlife  resources 
have  been  made  according  to  the  procedure  adopted  by  the  Inter-Agency 
Committee  on  Water  Resources. 

We  want  to  express  our  appreciation  to  the  Corps  of  Engineers,  the  Indiana 
Department  of  Conservation,  the  U.S.  Public  Health  Service,  and  the  Bureau 
of  Outdoor  Recreation  for  the  Information  and  assistance  they  provided. 
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DESCRIPTION  OF  THE  AREA 

In  the  project  area,  Clifty  Creek,  is  a medium  gradient  stream  20  to  40  feet 
wide.  The  creek  flows  through  a deep,  narrow  valley.  The  flood  plain, 
generally,  is  less  than  1,000  feet  wide.  The  main  channel  flows  through 
glacial  till  and  gravel  or  limestone  bedrock.  Fall  Fork  Creek  joins  Clifty 
Creek  at  the  damsite.  This  small  tributary  has  developed  almost  entirely 
in  limestone,  which  has  resulted  in  a waterfall  about  10  feet  high.  Middle 
Fork  Creek  joins  Fall  Fork  Creek  in  the  project  area.  At  the  confluence  of 
these  two  small  streams,  their  combined  flood  plains  have  formed  a wide, 
flat-bottomed  valley  about  3/4  mile  square.  Other  tributaries  to  Clifty 
Creek  are  short,  high-gradient,  intermittent  streams. 

The  area  surrounding  the  Clifty  Creek  Reservoir  site  is  gently  rolling 
terrain.  Annual  rainfall  is  40";  annual  runoff  l4"j  and  average  annual 
temperature,  51°  F*  Average  stream  flows  during  some  months  have  been  as 
low  as  1.4  c.f.s.,  with  several  consecutive  days  of  zero  flow  during  some 
years.  The  glacial-till  soils  are  moderately  well  drained  and  fertile. 

No  major  water  resources  or  recreational  developments  are  near  the  project 
area. 

At  the  i960  census,  approximately  1,228,000  people  resided  within  50  miles 
of  the  reservoir  site  and  about  150,00C,  within  a 25-mile  radius. 

Improved  highways  form  a network  around  the  reservoir  site,  providing 
adequate  access  to  the  site.  Interstate  Routes  74  and  65  are  less  than  20 
miles  away.  U.  S.  Routes  421,  31.  and  50  will  serve  the  project  area  to 
some  extent.  Indiana  State  Routes  46,  9,  3 and  7 will  be  of  considerable 
transportation  aid.  A network  of  County  and  Township  roads  will  permit 
adequate  access  to  the  reservoir  area. 

In  the  project  area,  agriculture  consists  of  grain  farming,  dairy  farming 
and  livestock  production.  The  flood  plains  are  cleared  and  cultivated. 
Forests  are  confined  to  scattered  farm  woodlots,  steep  valley  sides  or 
lowlands  along  streams.  Industrial  development  is  light  in  this  area, 
except  at  Columbus,  Indiana.  Pond  construction  in  the  vicinity  has  been 
common  and  several  are  managed  as  fee  fishing  ponds.  A few  of  the  larger 
ponds  cater  to  recreational  boaters. 

PLAN  OF  DEVELOPMENT 

The  damsite  for  Clifty  Creek  Reservoir  will  be  at  stream  mile  18.4.  About 
140  square  miles  of  the  200  square-mile  Clifty  Creek  watershed  will  be 
above  the  dam.  The  dam  will  consist  of  a concrete  river  section  with 
earth  embankments  extending  to  each  abutment.  It  will  be  7,000  feet  long 
and  88  feet  high  (elevation  753  m.s.l.).  The  concrete  river  section  will 
have  a controlled  overflow  spillway  140  feet  long  at  elevation  717-  The 


l40-foot  spillway  will  be  controlled,  by  three  tainter  gates  40  feet  wide 
by  28  feet  high,  with  the  tops  of  tne  gates  an  elevation  745,  the  flood 
control  pool  elevation.  Two  sluices,  4 feet  wide  by  6 feet  high,  through 
the  concrete  spillway  section  with  a slide  gate  near  the  upstream  end  of 
each,  will  provide  the  means  for  regulation  cf  outflow  from  the  reservoir. 
The  outlet  works  will  include  a multiple -level  outlet  for  regulating  normal 
storage  releases.  An  earth  dike  3,500  feet  long  and  13  feet  high  will  be 
constructed  across  a low  point  in  the  valley  rim  0.4  mile  south  of  the 
dam.  A 3,000-foot  earth  levee  will  be  necessary  to  protect  the  Village 
of  Hartsville.  Table  1 gives  data  on  pool  elevations,  acreages,  and  stor- 
age capacities.  Detailed  information  on  operational  schedules  is  not 
available  at  this  time. 

Lands  will  be  acquired  for  (l)  the  damsite,  construction  areas  and  permanent 
structures,  (2)  the  reservoir  area  up  to  elevation  748,  (3)  a minimum  of 
300  feet  horizontally  from  the  flood  control  pool  where  the  748  elevation 
does  not  provide  the  area,  and  (4)  600  acres  along  the  shoreline  to  meet 
present  and  future  requirements  for  outdoor  recreation.  The  total  fee 
acquisition  for  this  project  is  estimated  at  4,300  acres. 


Table  1.  Clifty  Creek  Reservoir  - Engineering  Data 


Item 

Elevation 
(ft.  m.3.1.  '! 

Storage  Cap. 
(Ac. Ft. ) 

Area 
(Acres ) 

Stream  Miles 
Inundated 

Stream  bed 

665 

-- 

-- 

-- 

Minimum  Pool 

O 

v_n 

'’,655 

548 

5 

Seasonal  Pool 

720 

18,515 

919 

6 

Flood  Control  Pool 

705-745 

46,553 

2,390 

8 

Total  Storage 

745 

54,208 

2,390 

8 

Land  Above 
Elevation  745 

-- 

1,910 

-- 

Total  Land 

4,  - 

-- 

FISH  AND  WILDLIFE  RESOURCES 


Without-the-Project 


Fishery  Resources 

Clifty  Creek  Reservoir  will  affect  ab(  it  - mill  s f Clifty  Creek, 
area  supports  a moderately  utili.ed  warm-water  fishery  of  fair  quality. 
Smallmouth  bass,  rock  bass,  I : tfish,  : 1 ntf  . null 


i 

I 
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and  suckers  are  caught.  Angling  occurs  mostly  during  the  spring  and  early 
summer,  since  low  flows  later  in  the  summer  inhibit  good  fishing  condi- 
tions. Fall  Fork  Creek  is  small,  with  few  pools  adequate  to  sustain 
significant  game  fish  populations.  Therefore,  fishing  pressure  is  light 
on  the  6.6  miles  affected. 

On  the  streams  in  the  project  area,  annual  angler  utilization  has  amounted 
to  1,020  angler  days. 

Wildlife  Resources 

The  Clifty  Creek  flood  plain  within  the  project  area  is  about  70  percent 
cleared  and  farmed.  Wooded  valley  sides,  farm  woodlots,  and  residential 
areas  make  up  the  other  30  percent.  Farm  game  habitat  and  farm  game  popu- 
lations are  good.  Cottontail  rabbits  and  quail  are  especially  abundant. 

The  4,300  acres  proposed  for  acquisition  currently  supports  about  360  an- 
nual farm-game  hunter-days  use.  The  forest  game  habitat  of  the  project  area 
presently  sustains  about  390  annual,  forest-game  hunter-days  use,  of  which 
most  are  directed  toward  fox  squirrels  and  raccoons. 

Aquatic  furbearers  are  not  abundant,  since  bedrock  banks  are  not  suitable 
habitat.  Beaver  were  stocked  at  one  time,  in  an  unsuccessful  attempt  to 
establish  them  on  Middle  Fork  Creek.  Presently,  furbearers  are  of  minor 
significance  as  a resource  of  the  area. 

Waterfowl  hunting  depends  on  locally  produced  birds,  mostly  wood  ducks, 
and  consists  of  jump  shooting  along  streams.  It  is  estimated  that  about 
25  waterfowl  hunting  trips  take  place  in  the  project  area  annually. 

The  4,300-acre  project  area  supports  approximately  750  upland-game  and 
25  waterfowl  hunter-days  use  annually. 

With-the-Pro ject 

Fishery 

The  Clifty  Creek  Reservoir  seasonal  pool  will  inundate  5*8  miles  of  Clifty 
Creek  and  3*3  miles  of  Fall  Fork  Creek.  To  some  degree,  the  2-1  miles  of 
Clifty  Creek  and  3-3  miles  of  Fall  Fork  Creek  above  the  seasonal  pool  will 
be  affected  and  the  first  mile  of  Clifty  Creek  below  the  dam  will  be 
drastically  changed. 

Approximately  9 miles  of  stream  fishery  habitat  will  be  replaced  by  a 919- 
acre  seasonal  pool,  which  will  be  fairly  stable  from  May  through  August 
and  drawn  down  to  a 548-acre  minimum  pool  beginning  in  September.  Although 
firm  information  on  reservoir  operation  is  not  available  at  this  time,  it 
is  assumed  that  the  above  situation  will  prevail  in  most  years. 
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The  upper  reaches  of  Clifty  Creek  and  Fail  Fork  Creek  (2.1  and  3-3  miles, 
respectively)  will  suffer  some  adverse  effects  from  occasional  inunda- 
tion, hut  certain  advantages  of  proximity  to  the  reservoir  fishery  will 
tend  to  offset  such  effects.  Overall  angler  use  is  expected  to  remain 
unchanged. 

During  the  major  fishing  season,  reservoir  operation  and  discharges, 
based  on  stream  inflow  minus  evaporation,  could  result  in  unsatisfactory 
fish  habitat  in  the  tailwater. 


Wildlife 

The  seasonal  pool  of  Clifty  Creek  Reservoir  will  inundate  919  acres  of 
upland  wildlife  habitat.  Approximately  70  percent,  or  6b 3 acres,  is 
productive  for  cottontail  rabbits  and  bobwhite  quail.  Hunting  for  these 
species  is  relatively  heavy  in  this  area.  However,  the  territory  sur- 
rounding the  project  area  supports  similar  game  populations  and  hunting. 

The  remaining  276  acres  within  the  seasonal  pool  is  forest  game  habitat. 

Fox  squirrels  and  raccoons  are  the  major  game  species  of  the  wooded  areas 
and  provide  hunting  opportunities  approximately  equal  to  the  farm-game 
complex.  In  particular,  raccoons  are  especially  abundant  and  could  with- 
stand additional  hunting  pressure,  though  nigh1  hunting  for  them  already  is 
popular. 

Total  upland  game  losses  will  amount  to  l60  hunter-days  use  annually. 

Frequent  flooding  of  areas  above  the  seasonal  pool  will  result  in  some 
adverse  effects  on  upland  game  habit a4 . Clearing  the  perimeter  of  the 
seasonal  pool  to  elevation  722  will  result  in  additional  wildlife  losses. 

Approximately  600  acres  outside  the  flood  pool  will  be  acquired  and  developed 
for  general  recreation.  The  location,  degree  of  development,  and  adminis- 
tering agency  have  not  been  determined.  However,  it  is  anticipated  that 
hunting  will  not  be  permitted  in  certain  of  vie  high  use  areas  and  some  loss 
of  hunter-day  use  will  occur . 

Approximately  ^,300  acres  of  land  will  be  acquired  in  fee.  Excluding  the 
above  600  acres  of  general  recreation  .land,  2,781  acres  will  lie  above  the 
seasonal  pool.  This  land,  in  general.,  consists  of  l)  severely  dissected, 
steep,  narrow  strips  adjacent  to  the  seasonal  pool  and  (2)  small  parcels  in 
the  upstream  portions  of  the  flood  pool-  None  of  these  areas  is  suitable 
for  intensive  wildlife  management.  How'ever,  + hey  could  continue  to  provide 
upland  public  hunting  under  an  extensive  management  program. 

Approximately  8 miles  of  stream- type  waterfowl  habitat,  currently  supporting 
25  annual  waterfowl  hunter-days  use  and  a fair  amount  of  wood  duck  produc- 
tion, will  be  inundated  by  the  919-ac.re  seasonal  pool.  During  the  fall 
migration  and  hunting  season,  this  pool  will  be  drawn  down  to  the  5^8-acre 
minimum  pool.  Normal  clearing  operations  will  decrease  the  attractiveness 
of  both  pools  to  waterfowl. 
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FISH  AND  WILDLIFE  PLAN 


Fish 

Fishery  management  within  the  project  should  be  under  the  jurisdiction  of 
the  Indiana  Department  of  Conservation,  Management  practices  would  include 
stocking,  fish  population  control,  pre-  and  post- impoundment  surveys, 
possible  stream  rehabilitation  above  the  dam,  and  marking  of  zone 
boundaries. 

Access  facilities  should  be  sufficient  to  accommodate  the  fishing  pressure 
that  is  anticipated.  It  is  assumed  that  adequate  fisherman  access  will  be 
provided  to  the  reservoir  in  conjunction  with  access  provisions  for 
general  recreation.  Supplemental  shore -angler  access  should  be  provided 
by  allowing  existing  roads,  scheduled  for  abandonment,  to  remain  open  for 
public  use.  Altogether,  five  fisherman  access  sites  will  be  needed  -- 
four  at  the  reservoir  and  one  at  the  tailwaters. 

Standing  timber  should  be  left  in  selected  areas  which  are  to  be  inundated. 
These  areas  provide  a varied  fish  habitat,  act  as  fish  concentrators  and 
help  fishermen  to  locate  fish  concentrations. 

A zoning  plan  should  be  established  to  prevent  conflicts  between  reservoir 
users.  This  plan  should  be  developed  after  cooperative  studies  between 
this  Bureau,  the  Indiana  Department  of  Conservation  and  the  Corps  of 
Engineers . 

A multiple-stage  outlet  with  at  least  two  portals  should  be  incorporated 
into  the  project  designs.  Further  studies  may  indicate  the  need  for  a third 
portal.  Outlets  at  various  levels  are  necessary  in  order  to  maintain 
desirable  water  quality  in  the  reservoir  and  f he  tailwaters. 

Additional  land  should  be  acquired  to  provide  public  access  to  the  tail- 
waters.  There  should  be  no  restrictions  on  fisherman  use  of  the  stilling 
basin  or  tailwaters  except  as  required  for  safety  and  efficient  operation. 
Adequate  flows  will  be  needed  below  the  dam  in  order  to  maintain  good  fish 
populations. 

The  Fishery  Plan  would  require  the  purchase  of  about-  10  acres  of  land  below 
the  dam  and  adjacent  to  the  tail water.  The  value  of  land  in  this  area  is 
estimated  to  be  about  $150  per  acre.  Ills  would  result  in  an  initial  cost 
of  $1,500,  or  an  average  annual  equivalent  of  $48  (amortization  over  100- 
year  project  life  at  3 percent  interest.).  The  acquisition  and  development 
of  this  10  acres  should  be  a project  cost. 

The  initial  cost  of  development  of  the  919-acre  reservoir  fishery  would 
amount  to  approximately  $10,000,  or  $31'  annually,  (amortized  over  the 
100-year  project  lif  at  3 percent  interest).  These  initial  activities 
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would  consist  of  pre- impoundment  surveys,  -zone  'boundary  markings,  and  fish 
stocking  to  establish  a population  complex  designed  to  provide  the  maximum 
productive  potential  and  highest  quality  fishery  possible. 

Annual  fishery  management  operation  and  maintenance  costs  for  the  reservoir 
and  tailwaters  would  be  approximately  $3,000.  This  would  cover  remedial 
stocking,  routine  fishery  surveys,  limnological  investigations,  certain 
access-area  upkeep,  fish  population  control,  and  law  enforcement  activities. 
Both  the  initial  and  annual  fishery  management  cost  would  be  borne  by  the 
Indiana  Department  of  Conservation. 

With  the  Fishery  Plan  in  operanion,  Clifty  Creek  Reservoir  would  support 
approximately  18,850  angler-days  use  valued  at  $18,850,  while  the  tailwater 
fishery  would  sustain  about  djOOO  angler-days  use  annually,  valued  at 
$8,000.  The  5.4  miles  of  Clifty  Creek  ana  Fall  Fork  Creek  would  continue 
to  support  about  275  angler-days  use  annually,  valued  at  $275-  Considering 
the  stream  fishery  losses  of  about  750  angier-days  use  annually,  the  overall 
net  increase  in  angling  opportunity  resulting  from  Clifty  Creek  Reservoir 
would  be  approximately  22,100  annual  angler  days,  valued  at  $25,100. 

Wildlife 


Except  for  the  parcels  of  general  recrea* ion  land  developed  for  intensive 
recreational  use,  all  project  lands  above  the  seasonal  pool  should  be  avail- 
able for  free  public  hunting  under  the  terms  of  a Fish  and  Wildlife  General 
Plan.  Wildlife  management  would  be  extensive  in  nature,  including  posting, 
habitat  development,  and  lav  enforcement. 

After  the  project  has  been  constructed  and  waterfowl  habits  observed,  it 
should  be  determined  whether  a portion  of  the  minimum  pool  should  be 
designated  a seasonal,  non- shooting  waterfowl  refuge  under  the  control  of 
the  Indiana  Department  of  Conservation,  Division  of  Fish  and  Game.  Other 
wildlife  management  measures  would  consist  of  the  placement  of  nesting 
structures  and  allowing  all  timber  in  the  seasonal  pool  to  remain  ’uncut 
north  of  relocated  State  Route  46, 

All  Federally  owned  land  should  be  open  to  free  public  access  and  hunting. 
All  public  roads  scheduled  for  abandonment,  which  enter  the  project  area, 
should  remain  open  to  public  use  for  hunter  access. 


The  Wildlife  Plan  would  involve  no  initial  separable  costs.  Upland  game 
and  waterfowl  management  annual  costs  would  be  minor  and  would  be  borne 
by  the  Indiana  Department  of  Conserva^ ion.  Division  of  Fish  and  Game. 

With  the  Wildlife  Plan  in  operation,  the  Clifty  Creek  Reservoir  area  would 
sustain  approximately  590  man-days  use  of  upland-game  Hunting  annually 
valued  at  $1,200  and  125  waterfowl-hunter  days  use  annually  valued  a*  $375* 


The  project  would  result  in  a net  increase  of  about  100  waterfowl  hunter- 
days  use  annually  valued  at  $325°  However,  there  would  be  an  uncompensated 
upland  wildlife  loss  of  919  acres  of  habitat,  sustaining  l60  hunter-days 
use  annually. 

Table  2.  Effects  of  Clifty  Creek  Reservoir  on  Fish  and  Wildlife 

Resources  - Without  and  With  the  Projects  and  Costs  of  Fish 
and  Wildlife  Plan  (Assuming  Full  Implementation  of  the  Plan) 


Without 

Project 

With  Froject  and  Fish  and  Wildlife  Plan 

Area 

Man 

Days 

of 

Use 

Area 

Man  Days 
of 
Use 

Increase 

in 

Man  Days 

Value 

of 

Increase 

Amortized 

Initial 

Cost* 

Annual 
Cost 
(0. &M. ) 

FISHERY 

Stream 

15.5  mi. 

1,020 

5.4  mi 

275 

-- 

-- 

Tail- 

water 

1.0  mi 

4,000 

1^,000 

$ 6,980 

$ 48  1/ 

$ 100 

Impound- 

ment 

-- 

-- 

919 

acres 

18,850 

18,850 

$18, 850 

$317  2 / 

$3,000 

WILDLIFE 

Upland 

Game 

4,300 

acres 

750 

Season- 
al Pool 

919 

acres 

-160 

V 

-- 

-- 

-- 

-- 

Other 

Project 

Lands 

2,800 

acres 

3/ 

590 

-- 

-- 

Waterfowl 

113 

acres 

25 

548 

acres 

125 

100 

$ 325 

-- 

-- 

* Init.  costs  over  100  yr  proj  life  at  3.0$  ini.  (amort. factor  - .03165) 

1/  Amort. cost  ($1,500 ) of  10  ac. below  the  dam  for  tailwater  access. 

2/  Amort. init. cost.  ($10,000)  of  development  of  res. fishery^ Ind. Dept. Cons. ). 


3/  This  acreage  does  not  incl.the  600  acres  planned  for  gen. recrea. development. 
This  is  wildlife  loss  for  which  no  compensation  measures  are  planned  at  this 
proj.  Compensation  may  be  requested  later  within  the  framework  of  the  Wabash 
River  Basin  Comp.  Study. 
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RECOMMENDATIONS 


In  view  of  the  existing  and  potential  fish  ana  wildlife  resources  in  the 

project  area  and  to  provide  for  the  protection  and  development  of  these 

resources,  it  is  recommended  that: 

1.  The  conservation,  improvement,  and  development  of  fish  and  wildlife 
resources  be  among  the  purposes  for  which  the  project  is  authorized. 

2.  Project  lands  and  waters  be  licensed  to  the  Indiana  Department  of 
Conservation  under  the  terms  of  a Fish  and  Wildlife  General  Plan  in 
accordance  with  Section  3 of  the  Fish  and  Wildlife  Coordination  Act. 

3.  About  10  acres  of  additional  land  adjacent  to  the  tailwater  he 
acquired  and  developed  at  project  cost  for  angler  access. 

4.  A 10-car  parking  lot  and  access  road  he  provided  for  each  side  of  the 
tailwater  channel.  It  is  further  recommended  that  public  fishing  he 
permitted  in  the  tailwater  up  to  the  opening  of  the  outlet  works. 

5.  A multiple-level  outlet  facility  he  incorporated  in  the  structure  with 
two  portals  with  invert  e.leva+ions  of  700  and  715.  This  facility 
should  he  operated  to  resu.L+  in  minimum  in s * antaneous  flows  in  the 
tailwater  of  at  least  20  c . f . . 

6.  Four  reservoir  angling  and  boating  acee  Li  > be  provided.  Each 
should  have  access  road,  parking  for  20  car-:,  with  boat  trailers,  and 
a launching  ramp  down  to  elevation  705- 

7-  Roads,  scheduled  to  be  abandoned,  wnich  enter  the  project  area  he  left 
open  for  hunter  and  angler  use. 

8.  Public  fishing  he  permitted  from  T"ie  reservoir  side  of  the  dam  and  in 
the  area  around  the  outlet  structure. 

9.  Flooded  standing  timber  in  the  seasonal  pool  north  of  relocated  State 
Route  46  not  he  cleared. 

10.  That  additional  detailed  studies  of  fish  ana  wildlife  resources  be 
con  Luei  , ?ssary,  fi  tl  -oj  authori  . in  accord- 

ance with  Section  2 of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat. 
401,  as  amended;  16  U.S.C.  66l  el  si  q. ) : and  that  such  reasonable 
modifications  be  made  in  the  authorized  project  facilities  as  may  he 
agreed  upon  by  the  Director  of  the  Bureau  of  Sport  Fisheries  and 
Wildlife  and  the  Chief  of  Engineers,  foi  the  conservation, improvement, 
and  development  of  these  resources. 
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11.  That  Federal  lands  and  project  waters  in  the  project  area  be  open 
to  public  use  for  hunting  and  fishing  so  long  as  title  to  the  lands 
and  structures  remains  in  the  Federal  Government,  except  for  sections 
reserved  for  safety,  efficient  operation,  or  protection  of  public 
property. 

12.  That  leases  of  Federal  land  in  the  project  area  reserve  the  right  of 
public  use  of  such  land  for  hunting  and  fishing. 

13-  That  all  lands  necessary  for  carrying  out  the  various  purposes  of 
the  project  be  acquired  in  accordance  with  the  provisions  of  the 
Joint  Policy  of  the  Departments  of  the  Interior  and  of  the  Army 
relative  to  reservoir  project  lands  of  February  1 6,  1962  and  that 
flowage  easements  be  acquirer  only  on  those  lands  found  not  to  have 
substantial  value  for  recreation  or  fish  and  wildlife  purposes. 

ll.  That  a reservoir  toning  plan  be  developed  in  connection  with  overall 
planning  for  the  reservoir  to  insure  that  certain  areas  (or  certain 
periods)  will  be  available  for  fishing,  huntir g,  and  other  wildlife 
purposes  without  conflicting  uses  for  general  recreation.  It  is 
further  recommended  that  the  reservoir  toning  plan  be  developed  co- 
operatively by  the  agency  expected  to  administer  the  reservoir,  the 
Bureau  of  Sport  Fisheries  and  Wildlife,  and  th<  Indiana  Department  of 
Conservation. 

Please  notify  us  of  your  proposed  actions  regarding  the  recommendations. 

Also,  please  advise  us  if  there  are  any  material  cnanges  or  refinements  in 

project  plans  in  order  that  the  report  may  be  revised  accordingly. 

The  cooperation,  information  and  assistance  provided  by  you  and  your  staff 

are  greatly  appreciated. 


Sincerely  yours. 


W-  P.  Schaefer 

Acting  Regional  Director 
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u.  s.  p.?m  engi  tler  dtc;^  :ct,  louis'.*: ;.le 

CORPS  OF  ENGINEERS 
830  West  Broadway 
Louisville,  Kentucky  40201 

ORLED-B  28  February  1J64 


Mr.  R.  W.  Burwell 

Regional  Director 

Fish  and  Wildlife  Service 

Bureau  of  Sport  Fisheries  and  Wildlife 

1006  West  Lake  Street 

Minneapolis,  Minnesota  5>4o8 

Dear  Mr.  Burwell: 

This  is  to  furnish  you  our  comments  and  proposals  relative  to 
the  recommendations  contained  in  your  report  covering  Clift;/  Creek 
Reservoir  project.  A copy  of  this  letter  will  be  included  with  your 
report  in  Appendix  F of  Interim  Report  No.  2,  'Wabash  River  Basin 
Comprehensive  Study.  Our  comments  on  each  of  your  recommendations 
are  as  f ollovs ; 

Recommendation  1.  Concur. 

Recommendation  2.  Concur  in  general  objective  for  project  areas 
determined  available  and  licensed  or  leased  for  fish  and  vildlife  pur- 
poses by  the  Corps  of  Engineers.  Extent  of  application  would  be  de- 
pendent on  results  of  studies  for  Master  Plan  of  project  development 
and  use,  and  negotiations  with  the  Indiana  Department  of  Conservation, 
during  the  design  and  construction  of  the  project. 

Recommendation  3*  Concur.  Included  in  pi  ect  plan.  No  need  to 
stipulate  for  Fish  ana  Wildlife  ' imposes  only.  Land  would  be  acquire! 
ar.d  used  for  Construction,  General  Recreation  and  other  project  needs 
v.s  well  as  for  fishing. 

Recommendation  4.  Concur  in  need  for  adequate  parking  ar_d  acc  .3 
to  both  sides.  Tailwater  development  would  include  facilities  for 
picnicking,  potable  water,  sanitary,  etc.  for  use  as  a general  recrea- 
tion area.  Location  ar.d  design  of  facilities  will  depend  on  detailed 
studies  of  needs,  lands  required  for  project  construction  and  operaticn 
and  maintenance,  public  safety  and  other  considerations.  Concur  in 
public  fishing  as  close  to  outlet  structure  as  public  safety  will  allow. 

Recommendation  5.  Multiple-level  outlet  facility  would  be  in- 
cluded in  design  of  outlet  structure.  Because  of  limited  storage 
capability,  provision  of  20  c.f.s.  minimum  release  will  require  de- 
tailed evaluation  with  respect  tc  benefits  affected  thereby,  includi?  ; 
flood  control,  water  quality  control  and  recreation  benefits.  Detailed 
study  required  for  determination  of  the  minimum  release  would  be  ur.de^- 
trken  as  a part  of  post-authorisation  planning. 


EXHIBIT  F-3 


ORLED-3 

Mr.  R.  W.  Burwell 


28  February  1964 


Reccnanendation  6.  It  is  expected  that  facilities  fcr  public 
access  provided  would  at  least  equal  those  recommended.  Number,  loca- 
tion and  extent  of  facilities  at  the  public  accr  s sites  will  require 
detailed  studies  for  appropriate  development  pit  us  during  design 
stages,  as  a part  of  studies  of  over-all  recreational  needs,  including 
fishing  ar.d  hunting. 

Recommendation  7.  Concur  in  objective  to  make  use  of  existing 
roads  for  access  to  the  water,  although  it  is  not  always  possible, 
practical  or  desirable  to  lease  all  such  roads  available  for  public 
use.  Good  management  practice  in  the  over-all  public  interest  generally 
is  to  provide  for  access  at  controlled  locations,  so  that  adequate 
policing,  maintenance,  sanitation,  etc.,  can  be  provided.  Reservoir 
management  plans  could  consider  operation  of  seme  reservoir  area  reals 
on  a seasonal  basis.  Use  of  existing  roads  could  be  given  detailed 
consideration  in  Master  Plan  studies,  including  fish  and  wildlife  area 
development  and  management  plans . 

Recommendation  8.  This  is  a matter  to  be  considered  at  time  of 
development  of  detailed  plans.  However,  considerations  of  public 
safety  make  it  questionable  whether  fishing  i.i  these  areas,  particu- 
larly adjacent  to  the  intake  structure  can  be  allowed. 

Recommendation  9.  Concur  in  objective.  Accomplishment  would  be 
subject  to  consideration  of  all  project  purposes,  effects  and  develop- 
ment of  zoning  plan. 

Recommendation  1C.  Concur. 

Recommendation  11.  Concur,  subject  to  additional  proviso  at  end, 

3 follows:  "or  as  may  be  determined  necessary  for  other  project  pur- 
poses in  consideration  of  over-ell  public  inter  t." 

Recommendation  12.  Would  favorably  consider  to  extent  practi- 
cable. Feasibility  would  depend  upon  lease  purposes,  locations,  and 
other  variable  factors  and  would  require  that  determination  be  male 
ou  an  individual  lease  basis. 

Recommendation  13.  Concur.  Present  report  plans  and  estimates 
are  based  on  fee  acquisition  of  the  entire  reservoir  area,  to  the 
limits  established  by  the  Joint  Policy.  In  the  acquisition  process, 
consideration  of  taking  to  reduced  limits  or  lesser  estate  on  any 
individual  tracts  would  be  a matter  for  detailed  real  estate  studies 
pursuant  to  the  exception  provisions  of  the  Joint  Policy. 


ORLED-B  28  February  1964 

Mr.  R.  V.’.  Burwell 

Recommendation  l4.  Concur  in  general  objective.  Procedures  em- 
ployed in  detailed  studies,  planning  and  formulation  of  the  Master 
Plan  for  development  and  management  of  the  project  area  will  give  full 
consideration,  along  with  other  public  needs  and  purposes,  to  fish  and 
wildlife  conservation,  enhancement  and  recreation. 

Your  cooperation  and  that  of  your  staff  in  connection  with  prepa- 
ration of  the  subject  report  is  sincerely  appreciated. 

Very  truly  yours, 


V.  ROPER 

Colonel,  Corps  of  Engineers 
District  Engineer 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
BUREAU  OF  SPORT  FISHERIES  AND  WILDLIFE 
1006  WEST  LAKE  STREET 


MINNEAPOLIS,  MINNESOTA  5540B 


District  Engineer 
U.  S.  Army  Engineer  District 
Louisville 
P.  0.  Box  59 
Louisville  1.  Kentucky 


This  is  our  detailed  report  on  the  plan  for  flood  control  and  allied  purposes 
in  the  Patoka  River  Basin,  Indiana.  If  is  submitted  for  inclusion  with  your 
Second  Interim  Survey  Report  on  water  resource  development  of  the  Wabash  River 
Basin.  The  report  has  been  prepared  under  the  authority,  and  in  accordance 
with  the  provisions  of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat.  401, 
as  amended;  l6  U.S.C.  66l  et  seq.  ).  It  discussi  the  anticipated  effects  of 
Patoka  Reservoir  on  fish  and  wildlife  rrcrces  and  contains  recommendations 
for  their  conservation  and  development,. 


INTRO DCCTI OK 


Pursuant  to  authority  contained  in  a Senate  Resolution  dated  May  6,  1958,  the 
District  Engineer,  U.S.  Array  Engineer  IS  it-ri  :t,  ruisville,  Kentucky,  has  been 
directed  to  review  prior  reports  with  a view  to  determining  whether  improve- 
ments in  the  interest  of  flood  control  and  wat-^r  res.v.  roe  development  are 
advisable  at  this  time  on  the  Wabas.n  River  and  its  tributaries. 

This  report  is  based  on  engineering  information  cl-fa:  >;  : tl  rouge  correspondence 
and  discussions  with  you  and  your  staff  pilot  to  January,  1 *o4.  It  discusses 
th~  expected  effects  on  fish  and  wildlife  of  the  unauthorized  Patoka  Reservoir, 
which  will  be  constructed  for  flood  control,  general  recreation,  fish  and 
wildlife,  and  water  quality  control.  It  presents  a Pish  and  Wildlife  Plan  for 
integration  with  the  Corps  of  Engineer:.'  nuitipL  -purp:  . water  resource 
development  plans  for  the  Wabash  River  Basin.  Evaluations  of  the  effects  of 
this  project  on  fish  and  wildlife  resource o iav<  ! eer.  man  in  accordance  with 
the  procedure  adopted  by  the  Inter-Agency  Committee  or.  Water  Resources. 

DESCRIPTION  OF  THE  AREA 

In  the  vicinity  of  the  project,  the  Pal  , iggis  . a andering 

stream  20  to  35  feet  wile.  The  tributaries,  Young's  Creek,  Little  Patoka 
River,  Fleming  Creek,  Painter  Creek,  an!  Lick  Pork  Creek,  I mall,  high 

gradient,  short  streams.  The  Patoka  River’s  main  channel  is  about  8 feet 
deep,  with  steep,  relatively  unvegetati  L,  lid  A\  rag  stream  flows  at 
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Jasper  have  fluctuated,  from  a high  of  3> 5^5  c.f.s.  to  a low  of  4.8  c.f.s. 

During  most  years,  stream,  flow  virtually  ceases  for  several  consecutive  days. 

The  flood  plain  of  the  Patoka  River  varies  in  width  from  1,000  feet  to  8,000 
feet  in  the  reservoir  area.  The  surrounding  terrain  is  steep  and  partially 
wooded. 

The  reservoir  site  lies  in  the  Crawford  Upland  of  the  unglaciated  South  Central 
Hill  Region  of  Indiana.  This  area  is  underlain  ty  alternate  layers  of  sand- 
stone, shale  and  limestone.  Bottom  land  soils  are  poorly  drained  hut  moderately 
fertile.  The  climate  is  temperate,  with  an  annual  average  temperature  of 
53.4°  F. , a maximum  of  99°  F. , and  a minimum  of  -l8°  F.  Rainfall  averages  44 
inches  annually,  with  an  annual  runoff  of  l8  inches. 

The  Patoka  Reservoir  site  is  within  the  exterior  boundaries  of  the  Hoosier 
National  Forest,  where  forest  wildlife  management  is  handled  by  the  Indiana 
Department  of  Conservation,  Division  of  Fish  and  Game,  under  a cooperative 
agreement  with  the  U.S.  Forest  Service. 

Within  a forty-mile  radius  of  the  proposed  reservoir,  there  are  two  state  parks, 
three  state  forests,  one  state  beach  area,  and  two  state  fish  and  game  areas. 

One  of  the  fish  and  game  areas,  Glendale,  is  still  under  development.  When 
completed,  it  will  cover  5>300  acres  and  include  a 1,300-acre  lake.  Five  of 
the  other  seven  state  areas  have  small  impoundments  totaling  349  acres.  Limited 
recreational  facilities  are  provided  at  all  these  state  areas.  Feasibility 
studies  are  being  made  for  a several  hundred-acre  state  recreational  lake 
within  twenty  miles  of  the  project  area. 

In  the  Patoka  River  Basin,  several  municipalities  have  constructed  water  supply 
reservoirs.  These  are  Jasper,  Ferdinand,  Huntingburg,  Oakland  City,  and  Birds- 
eye. 

Of  the  nine  major  municipalities  in  the  Patoka  Basin,  three  have  sewage  disposal 
systems.  Francisco  and  Huntingburg  are  on  tributary  streams  and  Jasper  is  on 
the  main  stem  of  the  Patoka  River.  During  low  flow  periods,  the  flow  in  the 
Patoka  River  below  Jasper  has  been  nearly  100  percent  disposal  plant  effluent. 


At  the  i960  census,  74,650  people  resided  within  25  miles  of  the  reservoir  area 
and  about  380,000  within  a 50-mile  radius. 

Three  state  highways  enter  the  reservoir  area.  State  Route  145  runs  north  and 
south  through  the  area.  State  Route  l64  enters  from  the  west  and  stops  at 
State  Route  145.  State  Route  64  runs  east  and  west  about  six  miles  south  of 
the  main  reservoir.  Numerous  county  and  township  roads  traverse  the  area. 

Agriculture  in  the  project  area  consists  of  intensive  corn  and  grain  farming 
in  the  flood  plain.  Most  of  the  peripheral  hills  are  grazed,  unwisely  culti- 
vated, or  have  reverted  to  woody  growth.  Flood  plain  soils  are  fairly  fertile, 
though  difficult  to  drain  because  of  texture.  Hill  soils  are  generally  eroded 
and  infertile  from  marginal  farming  operations.  Purdue  University  owns  and 
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operates  the  Southern  Indiana  Forage  Experiment  Farm  of  1,060  acres  just  north 
of  the  damsite,  where  principles  of  grassland  farming  are  practiced  and 
demonstrated. 

Industrial  enterprises  are  few  in  the  upper  Patoka  watershed.  At  Jasper, 
several  industries  are  based  on  forest  products  and  employ  about  3,000  people. 
Some  lumber  is  produced  on  the  wooded  hills.  About  12  miles  north  of  the 
reservoir  site,  a large  resort  area  at  French  Lick  is  popular.  Several  fee 
fishing  ponds  in  the  vicinity  of  the  project  site  are  heavily  patronized 
because  of  the  lack  of  other  fishing  areas. 


PLAN  OF  DEVELOPMENT 

The  damsite  for  Patoka  Reservoir  is  at  mile  118.3  on  the  Patoka  River.  About 
l68  square  miles  of  the  860  square-mile  watershed  will  be  above  the  dam.  The 
dam  will  be  a rolled,  earth  embankment,  89  feet  high  and  2,500  feet  long. 

An  earth  dike  about  1,560  feet  long  and  35  feet  high  will  be  constructed  across 
a low  saddle  in  the  left  abutment  about  3,000  feet  southwest  of  the  dam.  The 
spillway  will  be  an  uncontrolled  open  channel  through  the  right  abutment  . It 
will  be  400  feet  wide  at  elevation  550.  The  outlet  works,  in  the  toe  of  the 
right  abutment,  will  consist  of  a cylindrical  concrete  conduit,  nine  feet  in 
diameter;  three  control  gates,  3*75  feet  wide  by  7«25  feet  high;  and  a stilling 
basin.  A multiple  level  outlet  will  allow  for  control  of  the  quality  of  dis- 
charges for  stream  and  tailwater  fishery  management.  This  reservoir  will  be 
operated  for  flood  control,  low-flow  augmentation,  fish  and  wildlife,  and 
general  recreation. 

Pertinent  engineering  data  are  summarized  in  Table  1. 


Table  1.  Patoka 

Reservoir  - 

Engineering  Data 

Item 

Elevation 
(ft.  m.s.l. 

Storage  Cap. 
) (Ac.  Ft.) 

Area 
(Acres ) 

Stream  Miles 
Inundated 

Stream  Bed 

467 

-- 

-- 

-- 

Permanent  Pool 

506 

13,200 

2,010 

5-1 

Conservation  Pool 

536 

167,500 

8,880 

29-5 

Flood  Control  Pool 

550 

324,800 

11,760 

32.5 

Data  are  not  available  on  anticipated  frequency  or  duration  of  flood  flows. 

The  Indiana  Flood  Control  and  Water  Resources  Commission  desires  that  the 
reservoir  be  operated  to  meet  low- flow  objectives  of  125  c.f.s.  and  175  c.f.s. 
at  Jasper  and  Princeton,  respectively,  for  water-quality  control  and  water 
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supply.  The  conservation  pool  (Table  l)  has  the  capacity  to  meet  these 
requirements.  However,  final  determinations  must  await  decisions  as  to  pos- 
sible local  reimbursement  for  portions  of  these  flows,  as  well  as  consideration 
of  other  requirements.  Fov-  this  reason,  firm  information  on  fluctuations  of 
the  conservation  pool  and  related  operational  details  is  not  available  at  this 
time. 

Lands  will  be  acquired  for  (l)  the  damsite,  construction  areas  and  permanent 
structures,  (2)  the  reservoir  area  up  to  elevation  555 j.  which  allows  a five- 
foot  freeboard  in  elevation  above  the  flood  control  pool  to  provide  for  adverse 
effects  of  saturation,  wave  action,  and  bank  erosion,  (3)  a minimum  of  300  feet 
horizontally  from  the  flood  control  pool  where  the  five-foot  freeboard  does  not 
provide  this  area,  and  (4)  selected  sites  along  the  shoreline  and  below  the  dam 
to  meet  present  and  future  public  requirements  for  outdoor  recreation  and  fish 
and  wildlife  conservation.  The  total  land  acquisition  for  the  project  will  be 
about  20., 000  acres. 


FISH  AND  WILDLIFE  RESOURCES 


Without- the-Project 


Fishery 

A total  of  32.5  miles  of  the  Patoka  River  lies  within  the  project  area  above  the 
damsite.  At  present  this  reach  of  the  stream  supports  a low-quality,  lightly- 
utilized,  warm-water,  stream  fishery.  Angling  occurs  primarily  during  the 
spring  for  suckers,  catfish,  and  some  smallmouth  bass.  Low  stream  flows  during 
the  summer  and  early  fall  and  the  lack  of  good  pool-riffle  development  prevent 
the  development  of  a higher  quality  stream  fishery.  Angler  access  to  this 
reach  of  stream  is  very  poor.  During  recent  years,  fishing  pressure  has  amounted 
to  approximately  2,600  angler  trips  per  year.  Because  of  their  small  size  and 
intermittent  nature,  the  tributary  streams  in  the  project  area  have  been  assigned 
no  fishery  value.  The  35-mile  section  of  the  Patoka  River  between  the  damsite 
and  the  town  of  Jasper,  Indiana,  has  fishery  conditions  similar  to  those  in  the 
project  area. 

At  Jasper,  the  municipal  sewage  disposal  plant,  although  considered  adequate, 
contributes  a substantial  portion  of  the  total  stream- flow  volume  (during  dry 
periods,  the  entire  flow  may  be  disposal  plant  effluent).  In  addition  to  this 
organic  pollution,  acid  coal  mine  drainage  from  Gibson  and  Pike  Counties  enters 
the  Patoka  River  near  State  Route  257  via  the  South  Fork  of  the  Patoka  River 
and  other  lesser  tributaries.  This  further  impairs  the  fishery  habitat  of  the 
stream.  In  general,  the  Patoka  River  downstream  from  Jasper  can  be  considered 
marginal  as  fishery  habitat  and  for  angling.  Angling  occurs  mostly  in  the 
spring  and  early  summer,  when  stream  flows  provide  enough  dilution  so  that  fish 
can  move  upstream  from  the  Wabash  River 
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Wildlife 

In  the  vicinity  of  the  project,  the  Patoka  River  flood  plain  is  about  75 
percent  cleared  and  intensively  cultivated  for  grain  crops.  The  remaining 
25  percent  consists  of  farm  woodlots  and  wooded  valley  sides.  Above  the 
conservation  pool  (elevation  536),  the  land  is  approximately  50  percent  cleared 
and  50  percent  forested.  This  habitat  supports  both  forest  and  farm  game 
resources. 

Forest  game  species  include  whitetail  deer,  gray  squirrels  and  fox  squirrels. 
Habitat  conditions  are  excellent  for  deer  and  a moderate  herd  has  developed  in 
the  Patoka  Valley.  However,  poaching  and  depredations  by  dogs  have  interfered 
with  its  build-up.  Squirrel  populations  are  roughly  evenly  divided  between 
gray  squirrels  and  fox  squirrels.  They  are  very  popular  with  local  hunters. 

Cottontail  rabbit  populations  are  good  and  support  considerable  hunting.  The 
upper  Patoka  Valley  is  widely  known  for  its  excellent  bobwhite  quail  popula- 
tions and  the  fine  quail  hunting  to  be  found  there.  Considerable  numbers  of 
hunters  come  from  out  of  state  and  from  other  parts  of  Indiana  to  hunt  quail  in 
this  area. 

Since  good  farm-game  habitat  is  closely  associated  with  agricultural  activities 
on  fertile  land,  the  upper  Patoka  Valley  flood  plain  is  particularly  important 
to  farm-game  resources  and  hunting.  Such  good  farm-game  habitat  is  not  plenti- 
ful in  the  unglaciated  portion  of  Indiana.  Conversely,  forest-game  habitat  is 
very  prominent  around  and  near  the  project  area,  but  relatively  little  such 
habitat  is  involved  in  the  conservation  pool.  The  loss  of  such  a large  area  of 
farm-game  habitat  is  a serious  inroad  on  the  already  limited  supply  in  the 
Patoka  Basin,  and  every  effort  should  be  made  to  compensate  for  or  lessen  such 
losses. 

Trapping  of  fur-bearing  animals  is  light  in  the  project  area.  However,  raccoons 
are  very  abundant  and  they  contribute  significantly  to  the  local  hunting  effort. 

Waterfowl  populations  and  hunting  are  largely  limited  to  wood  ducks  produced 
locally  along  the  main  stem  of  the  Patoka  River.  The  2Q, 000-acre  project  area 
is  currently  supporting  4,165  upland  hunter-days  use  and  15  waterfowl  hunter- 
days  use  annually. 

With-the-Project 

Fish 

The  construction  and  operation  of  Patoka  Reservoir  will  inundate  29-5  miles  of 
the  Patoka  River,  affect  to  some  degree  three  miles  of  stream  above  the  con- 
servation pool,  drastically  change  the  first  mile  of  stream  below  the  dam,  and 
alter  the  fishery  habitat  of  the  balance  of  the  Patoka  River  to  its  mouth. 
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The  29.5  miles  of  stream  habitat  will  be  replaced  by  an  8,880-acre  conservation 
pool  characterized  by  some  fluctuation  of  water  levels,  due  to  releases  for 
downstream  low  flow  regulation.  Although  firm  decisions  on  low  flow  regulation 
have  not  been  made,  the  level  of  releases  being  contemplated  (125  c.f.s.  at 
Jasper  and  175  c.f.s.  at  Princeton)  will  not  result  in  excessively  great  pool 
fluctuations.  Development  of  a moderately  productive  reservoir  fishery  will 
not  be  impeded  if  provisions  of  the  fishery  plan  are  incorporated. 

The  three-mile  reach  above  the  conservation  pool  will  suffer  occasional  inun- 
dation but  will  benefit  from  its  proximity  to  the  reservoir  fishery.  Overall 
utilization  is  expected  to  remain  unchanged. 

Assuming  proper  management  and  releases  of  not  less  than  75  c.f.s.,  a good 
potential  for  a productive  tailwater  fishery  exists  in  the  mile  of  stream  below 
the  dam. 

The  low  flows  presently  being  considered  will  improve  stream  conditions  all  the 
way  to  the  Wabash  River.  Whether  this  improvement  is  sufficient  to  restore 
fishery  productivity  to  these  downstream  reaches  cannot  be  determined  at  this 
time.  Therefore!,  no  benefits  have  been  assigned  to  this  feature. 

Wildlife 

The  conservation  pool  of  Patoka  Reservoir  will  inundate  8,880  acres  of  upland 
wildlife  habitat.  About  75  percent  of  this,  or  6,660  acres,  is  particularly 
fine  farm-game  habitat  producing  good  cottontail  rabbit  populations  and  hunting 
and  exceptional  quail  populations  and  hunting.  The  Patoka  River  Valley  is 
among  the  better  quail  producing  areas  in  the  state.  The  destruction  of  this 
fine  habitat  will  be  a very  serious  loss. 

The  remaining  2,220  acres  is  basically  forest-game  habitat,  but  also  is 
important  to  the  farm  game. 

Upland  wildlife  losses  caused  by  the  project  will  total  2,065  hunter  days 
annually. 

Other  adverse  effects  on  wildlife  will  occur  on  frequently  flooded  portions  of 
the  flood  pool  and  on  the  narrow  strip  of  land  adjacent  to  the  conservation 
pool  which  will  be  cleared  of  timber  and  other  habitat. 

About  4,000  acres  will  be  developed  for  general  recreational  areas.  Actual 
locations  have  not  been  determined,  but  hunting  will  not  be  permitted  in  certain 
of  the  high-use  areas  and  some  loss  of  hunter-day  use  will  occur  there. 

According  to  present  project  formulation,  approximately  22,600  acres  will  be 
acquired  in  fee.  A total  of  13,720  acres  of  project  land  will  be  above  the 
conservation  pool.  Of  this, 10,840  acres  will  be  outside  the  flood  pool  and 
consist  of  the  land  in  the  5-fhot  freeboard  or  300-foot  horizontal  strip  area, 
2,600  acres  of  wildlife  compensation  land,  4,000  acres  of  general  recreation 
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land,  and  severance  lands.  The  13,720  acres  of  land  above  the  conservation 
pool  is  suited  to  extensive  forest-game  management. 


The  stream  surface  to  be  inundated  by  the  conservation  pool  totals  73  acres, 
and  15  annual  waterfowl  hunter-days  use  will  be  lost. 


Fish  and  Wildlife  Plan 


Fishery 

The  conservation  pool  would  need  10  free  public  access  sites,  each  consisting 
of  access  road,  boat  launching  ramp  down  to  elevation  520,  and  parking  for  40 
automobiles  with  boat  trailers,  to  accommodate  the  estimated  number  of 
reservoir  anglers.  It  is  assumed  that  these  access  facilities  would  be  pro- 
vided as  part  of  normal  development  for  general  recreational  purposes. 
Incidental  access  should  be  provided  by  allowing  existing  roads  to  the 
conservation  pool  to  remain  open  for  public  use. 

The  tailwater  area  would  require  a 25-car  parking  lot  and  appropriate  access 
road  for  each  bank  of  the  stream  to  handle  the  anticipated  numbers  of  tailwater 
anglers.  About  20  acres  of  land  in  a strip  1,000  yards  long  by  50  yards  wide 
on  either  side  of  the  stream  should  be  acquired  in  fee  to  make  sufficient 
stream  bank  available  for  public  angling.  Public  angling  should  be  permitted 
in  the  entire  tailwater  up  to  the  opening  of  the  outlet  works. 

All  major  tributary  arms  of  the  conservation  pool  (Painter  Creek,  Lick  Fork 
Creek,  Fleming  Creek,  and  Little  Patoka  River)  and  the  main  stem  pool  east  of 
State  Route  14-5  should  be  designated  as  fishing  zones.  The  area  near  the  tower 
and  dam  should  be  available  to  anglers. 

The  Corps  of  Engineers  has  made  provision  for  a multiple-stage  outlet.  This 
structure  should  have  portals  with  invert  elevations  of  501,  516  and  528  to 
permit  the  control  of  the  quality  of  normal  reservoir  releases  for  the  benefit 
of  the  tailwater  and  downstream  fisheries.  During  the  pre-  and  post- construc- 
tion period,  additional  cooperative  studies  between  this  Bureau  and  the  Indiana 
Department  of  Conservation,  Division  of  Fish  and  Game,  will  be  necessary  to 
determine  a pattern  of  releases  geared  to  the  actual  situation  that  will  pre- 
vail in  the  Patoka  Reservoir. 


Fishery  management  activities  such  as  stocking,  fish  population  control  and 
pre-  and  post- impoundment  surveys  will  be  necessary  to  maintain  productivity 
and  maximum  utilization.  Fishery  management  responsibility  should  rest  with 
the  Indiana  Department  of  Conservation,  Division  of  Fish  and  Game. 


All  timber  in  the  pool  east  of  State  Route  14-5  and  in  all  tributary  arms  should 
be  left  uncut  to  provide  desirable  fish  cover  and  angling  conditions. 
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The  Fishery  Plan  would  require  the  purchase  of  about  20  acres  of  land  below 
the  dam  adjacent  to  the  tailwater.  The  value  of  land  in  the  river  bottoms  is 
about  $100  per  acre.  The  initial  cost  of  this  20  acres  would  be  $2,000. 
Amortized  over  the  100-year  project  life  at  three  percent  interest,  the 
average  annual  equivalent  is  $63.  The  acquisition  and  initial  development 
of  this  20  acres  should  be  at  Federal  project  cost. 

The  initial  cost  of  development  of  the  8,880-acre  reservoir  fishery  would 
amount  to  approximately  $25,000,  or  $791  annually,  amortized  over  the  100-year 
project  life  at  three  percent  interest.  These  initial  activities  would  con- 
sist of  pre- impoundment  surveys  and  fish  stocking  to  establish  a population 
complex  designed  to  provide  the  maximum  productive  potential  possible. 

Annual  fishery  management  operation  and  maintenance  costs  for  the  reservoir 
and  tailwater  would  be  approximately  $5,000.  This  would  cover  remedial  stock- 
ing, routine  fishery  surveys,  limnological  investigations,  certain  access-area 
upkeep,  rough  fish  control,  and  law  enforcement  activities.  Both  the  initial 
and  annual  fishery  management  cost  would  be  borne  by  the  Division  of  Fish  and 
Game,  Indiana  Department  of  Conservation. 

With  the  Fishery  Plan  in  operation,  Patoka  Reservoir  would  support  about  106,500 
angler-days  use  annually  valued  at  $106,500,  while  its  tailwater  fishery  would 
sustain  approximately  17,500  angler-days  use  annually  valued  at  $21,750.  The 
three  miles  of  the  Patoka  River  remaining  in  the  project  area  would  continue 
to  support  about  250  angler-days  use  annually  valued  at  $250.  Accounting  for 
stream  fishery  losses  of  about  2,750  annual  stream  angler-days  use,  the  total 
net  increase  in  angling  opportunity  resulting  from  Patoka  Reservoir  would  be 
approximately  119,000  angler-days  use  annually  valued  at  $125,000. 

Wildlife 


Our  iraft  report  transmitted  to  you  December  31,  19&3  contained  the  recommenda- 
tion that  1,500  acres  of  land  be  acquired  below  the  reservoir  to  mitigate  the 
loss  of  about  8,880  acres  of  farm  and  forest  game  habitat.  Tour  letter  of 
January  15,  1967  explains  your  reasons  why  you  cannot  concur  in  the  acquisition 
of  such  lands.  While  we  do  not  agree  with  the  philosophy  you  have  expressed, 
we  have,  in  view  of  the  urgency  to  expedite  the  movement  of  your  report  through 
channels,  deleted  that  recommendation  in  this,  our  official  report. 

Instead,  we  are  substituting  a recommendation  that  about  2,600  acres  of  land  be 
acquired,  above  the  dam  to  mitigate  the  loss  of  the  8,880  acres  of  game  habitat. 
The  recommended  acreage  consists  of  small,  scattered  parcels  that  would  block 
in  public  ownership  in  the  Hoosier  National  Forest.  These  parcels,  along  with 
present  holdings  of  the  U.  S.  Forest  Service  and  lands  to  be  acquired  in  fee, 
would  result  in  a manageable  -unit  of  about  6,500  acres  of  woodland  and  farm  game 
habitat.  Wildlife  management  would  be  by  the  Conservation  Department  of  the 
State  of  Indiana  and  the  U.3.  Forest  Service  under  existing  agreements. 


Table  2. 


Effects  of  Patoka  Reservoir  on  Fish  and  Wildlife  Resources 
Without  and  With  the  Project  and  Costs  of  Fish  and  Wildlife  Plan 
(Assuming  Full  Implementation  of  the  Plan) 


Without  Project 

With  Project  and  Fish  and  Wildlife  Plan 

Area 

Man  Days 
of 
Use 

Area 

Man  Days 
of 
Use 

Increase 

in 

Use 

Value  Amortized 
of  Initial 

Increase  Cost  * 

Annual 
Cost 
(0.&M. ) 

FISHERY 

Stream 

32.5  mi. 

2,600 

3 mi. 

250 

-- 

-- 

-- 

Tailwater 

1 mi. 

80 

1 mi. 

Ik, 500 

lk,k20 

$ 18,075  $ 63  1/ 

$ 100 

Impoundment 

-- 

-- 

8,880  ac. 

106,500 

106,500 

$106,500  $ 791  2/  $5,000 

WILDLIFE 

Upland  Game 

19,920  ac. 

4,165 

Reservoir 

8,880 

2,065 

8,880  ac. 

0 

0 

0 

Other  Proj- 
ect Lands 

11,120 

2,100 

11,120  ac. 

2,100 

0 

0 

Compensa- 
tion Unit 

0 

0 

2,600  ac. 

1,300 

-- 

--  $2,373  3/ 

Waterfowl 

73  ac. 
(Stream) 

15 

),  ■ 

(Size  of 
pool 
Nov.  l) 

1,688 

1,673 

$ 5,019 

ll 

S/ 

3/ 


. litial  costs  amortized  over  100 -year  project  life  at  3.0#  int  r . 
(amortization  factor  - .03165). 

Amortized  cost  ($2,000)  of  20  acres  below  dam  for  tailwater  angler  access. 
Amortized  initial  fishery  management  costs  (Indiana  Department  of 
Conservation)  $25,000. 

Amortized  cost  of  2,600  acres  ($65,000)  to  compensate  for  wildlife  losses 
plus  amortized  cost  of  initial  development  ($10,000). 
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By  virtue  of  their  small  size  and  scattered  location,  it  appears  reasonable 
that  the  recommended  areas  can  be  acquired  through  severance  or  slight  adjust- 
ments in  the  present  land  acquisition  proposals.  Such  acquisition  would  do 
much  toward  insuring  a truly  multiple -purpose  development  of  the  Patoka 
Reservoir  Project. 


Waterfowl  management  would  consist  of  providing  nest  boxes  for  wood  ducks  and 
leaving  uncut  all  timber  in  the  conservation  pool  east  of  State  Route  1^+5  and 
in  all  tributary  arms. 

All  public  roads  which  enter  the  project  area  should  remain  open  to  public  use. 

The  Wildlife  Plan  would  involve  the  purchase  of  2,600  acres  of  additional  land 
to  be  managed  intensively  for  game  to  compensate  for  loss  of  upland  game- 
hunting  opportunity  as  a result  of  the  8,880-acre  conservation  pool.  At  $25 
per  acre  the  initial  cost  of  this  compensation  unit  would  be  $65,000. 

Amortized  over  the  100-year  project  life  at  three  percent  interest,  the  average 
annual  equivalent  is  $2,057* 

The  cost  of  the  2,600  acres  for  compensation  of  losses  should  be  a project 
cost.  In  addition,  the  project  should  bear  the  $10,000  cost  of  the  initial 
minimum  basic  facilities  for  access,  parking,  service  building  and  posting. 
Amortized  over  the  100-year  project  life  at  three  percent  interest,  the 
average  annual  equivalent  is  $2,373  for  tonal  initial  costs.  All  other 
operation  and  maintenance  costs  should  be  the  responsibility  of  the  Indiana 
Department  of  Conservation,  Division  of  Fish  and  Game. 

The  Fish  and  Wildlife  Plan  would  result  in  about  1,300  upland-game  hunter- 
days  use  on  the  compensation  unit,  2,100  upland-game  hunter-days  use  on 
the  project  lands  above  the  conservation  pool,  and  1,688  -waterfowl  hunter- 
days  use  on  the  pool,  which  on  November  1 would  be  about  8,0^0  acres.  Only 
in  waterfowl  hunting  is  there  a net  increase.  It  amounts  to  1,673  water- 
fowl  hunter-days  use  annually  valued  at  $5,019-  Table  2 summarizes 
utilization,  benefits  and  costs  of  the  Fish  and  Wildlife  Plan. 

RECOMMENDATIONS 

In  view  of  the  existing  and  potential  fish  and  wildlife  resources  in  the 
project  area  and  the  potential  of  the  reservoir  under  study  to  contribute  to 
increased  opportunity  for  the  enjoyment  of  these  resources,  it  is  recommended 
that: 

1.  The  conservation,  improvement  and  development  of  fish  and  wildlife 
resources  be  among  the  purposes  for  which  the  project  is  authorized. 
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2.  A total  of  2,600  acres  of  additional  land  be  acquired  in  fee  at  project 
cost,  with  initial  development  also  at  project  cost.  This  area  be 
licensed  to  the  Indiana  Department  of  Conservation  under  the  terms  of  a 
Cooperative  Agreement  between  that  Department  and  the  U.  S.  Forest  Service. 
This  upland-game  hunting  area  is  needed  to  compensate  for  project- 
occasioned  wildlife  losses. 

0.  About  20  acres  of  additional  land  adjacent  to  the  tailwater  be  acquired 
and  developed  at  project  cost  for  angler  access. 

4.  A multiple-level  outlet  facility  be  incorporated  in  the  structure  with 
three  portals  at  elevations  501,  516,  and  528. 

5.  A 25-car  parking  lot  and  appropriate  access  road  be  provided  for  each 
side  of  the  tailwater  channel.  It  is  further  recommended  that  public 
fishing  be  allowed  in  the  tailwater  up  to  the  opening  of  the  outlet 
conduit  except  during  flood  storage  releases. 

6.  Ten  reservoir  angling  and  boating  access  sites  be  provided  at  the 
reservoir,  each  with  access  road  or  roads,  parking  for  40  cars  with 
boat  trailers,  and  a launching  ramp  extending  into  the  conservation 
pool  to  elevation  520. 

7.  Public  fishing  be  permitted  from  the  reservoir  side  of  the  dam  and  in 
the  area  around  the  outlet  tower. 

8.  Timber  to  be  flooded  by  the  conservation  pool  be  left  standing  in 
selected  areas. 

9.  Roads,  scheduled  to  be  abandoned,  be  left  in  the  project  area  for  use 
by  hunters  and  fishermen. 

10.  Additional  detailed  studies  of  fish  and  wildlife  resources  be  con- 
ducted, as  necessary,  after  the  project  is  authorized,  in  accordance 
•with  Section  2 of  the  Fish  and  Wildlife  Coordination  Act  (48  Stat. 

401,  as  amended;  16  U.3.C.  66l  et  seq. ):  and  that  such  reasonable 
modifications  be  made  in  the  authorized  project  facilities  as  may  be 
agreed  upon  by  the  Director  of  the  Bureau  of  Sport  Fisheries  and 
Wildlife  and  the  Chief  of  Engineers  for  the  conservation,  improvement 
and  development  of  these  resources. 

11.  Federal  lands  and  project  waters  in  the  project  area  be  open  to 
public  use  for  hunting  and  fishing  so  long  as  title  to  the  lands  and 
structures  remains  in  the  Federal  Government,  except  for  sections 
reserved  for  safety,  efficient  operation,  or  protection  of  public 
property. 
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12.  Leases  of  Federal  land  in  the  project  area  reserve  the  right  of 
public  use  of  such  land  for  hunting  and  fishing. 

13.  All  lands  necessary  for  carrying  out  the  various  purposes  of  the 
project  be  acquired  in  accordance  with  the  provisions  of  the  Joint 
Policy  of  the  Departments  of  the  Interior  and  of  the  Army  relative 
to  reservoir  project  lands  of  February  1 6,  1962;  and  flowage  ease- 
ments be  acquired  only  on  those  lands  found  not  to  have  substantial 
value  for  recreation  or  fish  and  wildlife  purposes. 

14.  A reservoir  zoning  plan  be  developed  in  connection  with  overall 
planning  for  the  reservoir  to  insure  that  certain  areas  (or  certain 
periods)  will  be  available  for  fishing,  hunting,  and  other  wildlife 
purposes  without  conflicting  uses  for  general  recreation.  It  is 
further  recommended  that  the  reservoir  zoning  plan  be  developed 
cooperatively  by  the  Corps  of  Engineers,  the  Bureau  of  Sport  Fisheries 
and  Wildlife,  the  Indiana  Department  of  Conservation,  and  the  U.  S. 
Forest  Service. 

Please  notify  us  of  your  proposed  actions  concerning  these  recommendations. 

Please  advise  us  of  any  material  changes  in  project  plans. 

The  cooperation,  information  and  assistance  provided  by  your  staff  are 

appreciated. 


Sincerely  yours, 

Cl). 

W.  P.  Schaefer 

Acting  Regional  Director 


U.  5.  ARMY  ENGINEER  DISTRICT,  LOUISVILLE 
C0RF5  OF  ENGINEERS 
830  West  Broadway 
Louisville,  Kentucky  40201 

ORLED-B  5 March  1964 


Mr.  R.  W.  Burv/ell 

Regional  Director 

Fish  and  Wildlife  Service 

Bureau  of  Sport  Fisheries  and  Wildlife 

1006  West  Lake  Street 

Minneapolis,  Minnesota  55408 

Dear  Mr.  Burwell: 

This  is  to  furnish  you  our  comments  and  proposals  relative  to  the 
recommendations  contained  in  your  report  covering  the  Patoka  Reservoir 
project.  A copy  of  this  letter  will  be  included  with  your  report  in 
Appendix  F of  Interim  Report  No.  2,  Wabash  River  Basin  Comprehensive 
Study.  Our  comments  on  each  of  your  recommendations  are  as  follows: 

Recommendation  1.  Concur. 

Recommendation  2. 

a.  Acquisition  of  2600  acres  of  additional  land  for  mitiga- 
tion of  project-caused  damage  to  upland  game  hunting  is  not  concurred 
in  by  this  office  and  no  provisions  therefor  are  being  made  in  our  re- 
port. A factor  in  this  decision  is  the  cost  that  would  be  involved. 

In  contrast  to  the  estimated  $65,000  land  acquisition  cost  appearing 
in  your  report  the  estimate  of  this  office,  based  on  field  inspection 
and  analysis  of  comparable  sales,  is  $360,000  for  the  area  blocked  out 
on  the  map  (measuring  2700  acres)  furnished  by  your  office.  A copy  of 
our  estimate  is  attached.  Interest  and  amortization  on  this  amount, 
plus  the  $10,000  initial  development  cost,  would  be  $11,700  annually. 

Total  hunter-days  lost  with  the  project,  recognizing  anticipated  gain 
in  v/ater  fowl  hunting,  would  be  392  annually.  Cost  of  mitigation  would, 
accordingly,  be  $30  per  hunter-day  which  is  considered  to  be  excessive. 

b.  With  regard  to  our  non-concurrence  in  recommendation  2, 

reference  is  made  to  our  letter  of  15  January  1964  which  is  referred 
to  in  the  first  paragraph  under  'Wildlife,  pg.  8 of  your  report.  The 
following  is  quoted  therefrom:  "This  recommendation  introduces  a 

concept  of  replacement-in-kind  for  each  type  of  pre-project  recrea- 
tion as  a relocation  cost  against  the  project.  Recreation,  including 
fishing  and  hunting,  enters  into  the  f ••Tnulation  and  consequently 
shares  in  the  cost  of  the  project.  The  proposed  replacement-in- kind 
would  require  that  an  additional  cost  be  imposed  on  the  recreation 
purpose  for  replacing  a specific  type  of  recreation  activity  that 
would  be  reduced  or  eliminated  as  a result  of  the  over-all  gain.  Such 
costs  would  appear  to  constitute  broad  economic  or  social  costs  rather 
than  financial  costs  in  terms  of  project  analysis." 

EXHIBIT  F-3 
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ORLED-B  5 March  1964 

Mr.  R.  W.  Burwell 

"Accordingly,  the  over-all  balance  of  gains  in  recrea- 
tion achieved  by  the  Patoka  project,  and  relatively  small  net  loss  in 
hunting,  are  such  that  the  District  and  Division  Engineers  cannot  con- 
cur in  the  recommendation  for  acquisition  of  lands  to  compensate  for 
project-occasioned  loss." 

c.  With  regard  to  indicated  loss  in  upland  game  hunting, 
the  premise  is  also  advanced  that  significant  mitigation  would  be  af- 
forded by  the  public  availability  and  management  of  the  project  lands 
bordering  the  reservoir  and  the  infrequently  inundated  reservoir  lands, 
in  contrast  to  such  limited  public  use  of  private  lands  as  may  be  per- 
mitted by  the  owners. 

d.  Concur  in  the  objective  of  fish  and  wildlife  management 
by  Indiana  Department  of  Conservation,  for  project  lands  determined 
available  and  licensed  as  leased  for  this  purpose  by  the  Corps  of 
Engineers. 

Recommendation  3-  Concur.  These  lands  would  be  acquired  and  used 
for  general  recreation,  as  well  as  for  fishing  recreation,  if  construc- 
tion and  other  project  needs  do  not  automatically  require  their  acqui- 
sition. 

Recommendation  4.  A multiple-level  outlet  facility  would  be  in- 
cluded in  design  of  project. 

Recommendation  5.  Concur  in  need  for  adequate  parking  and  access 
to  both  sides.  Tailwater  area  development  would  include  facilities 
for  picnicking,  potable  water,  sanitation,  etc.,  facilities  for  use  as 
a general  recreation  area.  Location  and  design  of  facilities  will  de- 
pend on  detailed  studies  of  needs,  lands  required  for  project  construc- 
tion, and  operation  and  maintenance,  public  safety  and  other  considera- 
tions . 

Recommendation  6.  Concur.  It  is  expected  that  recreation  areas 
and  facilities  provided,  including  future  increments,  would  equal  or 
exceed  those  recommended.  Determination  of  number,  location  and  ex- 
tent of  facilities  at  the  public  access  sites  vail  require  detailed 
studies  for  appropriate  development  plans  during  design  stages,  as  a 
part  of  studies  of  over-all  recreational  needs,  including  fishing  and 
hunting. 

Recommendation  7.  This  is  a matter  to  be  considered  at  time  of 
development  of  detailed  plans.  However,  considerations  of  public  safety 
make  it  questionable  whether  fishing  in  these  areas,  particularly  adja- 
cent to  the  intake  structures,  can  be  allowed. 

Recommendation  8.  Concur,  subject  to  consideration  of  all  pur- 
poses and  effects  at  the  time  of  detailed  planning. 
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ORLED-B  5 March  1964 

Mr.  R.  W.  Burwell 

Recommendation  9.  Concur  in  objective  to  make  use  of  existing 
roads  for  access  to  the  water,  although  it  is  not  always  practicable 
or  desirable  to  leave  all  such  roads  available  for  public  use.  Good 
management  practice  in  the  over-all  public  interest  generally  is  to 
provide  for  access  at  controlled  locations,  so  that  adequate  policing, 
maintenance,  sanitation,  etc.,  can  be  provided.  Reservoir  management 
plans  could  consider  operation  of  some  reservoir  area  roads  on  a sea- 
sonal basis.  Use  of  existing  roads  would  be  given  detailed  considera- 
tion in  Master  Plan  studies,  including  fish  and  wildlife  area  develop- 
ment and  management  plans. 

Recommendation  10.  Concur. 

Recommendation  11.  Concur,  subject  to  additional  proviso  at  end, 
as  follows:  "or  as  may  be  determined  necessary  for  other  project  pur- 

poses in  consideration  of  over-all  public  interest." 

Recommendation  12.  Would  favorably  consider  to  extent  practicable. 
Feasibility  would  depend  upon  lease  purposes,  location  and  other  varia- 
ble factors  and  would  require  that  determination  be  made  on  an  indi- 
vidual lease  basis. 

Recommendation  13.  Present  report  plans  and  estimates  are  based 
on  fee  acquisition  of  the  entire  reservoir  area,  to  the  limits  estab- 
lished by  the  Joint  Policy.  In  the  acquisition  process,  consideration 
of  taking  to  reduced  limits  or  lesser  estate  on  any  individual  tracts 
would  be  a matter  for  detailed  real  estate  studies  pursuant  to  the 
exception  provisions  of  the  Joint  Policy. 

Recommendation  14.  Concur  in  general  objective.  Procedures  em- 
ployed in  detailed  studies,  planning  and  formulation  of  the  Master 
Plan  for  development  and  management  of  the  project  area  will  give  full 
consideration,  along  with  other  public  needs  and  purposes,  to  fish  and 
wildlife  conservation,  enhancement  and  recreation. 

Your  cooperation  and  that  of  your  staff  in  connection  with  prepa- 
ration of  the  subject  report  is  sincerely  appreciated. 

Very  truly  yours, 


1 Incl  W.  ROPER 

Real  Estate  Estimate  Colonel,  Corps  of  Engineers 

District  Engineer 

H i 
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FATCK/i  RESERVOIR 
Gross  Appraisal 

a . Fee  Ti tie 


1 . Land : 


Homes ites 

27 

© 5 

|5  4C0 

$10,800 

Cropland 

140  Ac. 

© 

110 

15,400 

Pasture 

920  " 

ST) 

35 

32,2C0 

Woodland 

1,640  " 

© 

15 

24.600 

2 . Improvements : 

Sets  of  Buildings 

20 

@ -i 

5 3,9C0 

$78,000 

Dwellings 
Churches  ( 2 ) 

C 

J 

@ 

2,3C0 

11,500 

6,000 

3-  Isolation: 

C~Tracts  including  land  and  improvements 


$ 83,000.0? 


95,500.00 


b.  Valuation  of  HI  no:-  al  Rights 


c.  Severance  Damage 

d . Contingencies 

e.  Resettlement  Cost 

28  Family  Units  Q $ 500 


f.  Relocation  Costs 

Patoka  Church  Cemetery,  200  Graves  <2  $ 2C0 

McDonald  Chapel  Cemetery, 95  Graves  © 200 


g.  Acquisition  Cost 
38  Tracts 


@ $ 900 


17,650.00 

l4,0CO.C0 

$40,000 

19,000 

59,000.00 

74  2 

$358,67-.  ?o 

SAY:  $i60,CCC.0C 
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EXHIBIT  F-4 


APPRAISAL  OF  l.flJLTI-FURPOSE  PROJECT  FOR  RECREATION 

Preface:  The  following  appraisal  is  made  on  the 

assumption  that  the  plan  of  operation  vail  not 
adversely  affect  the  recreation  use  of  the  proj- 
ect. It  applies  to  this  particular  site  only  and 
does  not  constitute  a unit  evaluation  of  a proposed 
system  of  reservoirs  in  that  possible  effects  of 
other  sites  upon  this  site  have  not  been  considered. 

1.  PROJECT  NAME: 

Lincoln  Reservoir 

2.  LOCATION: 

The  Lincoln  Reservoir  is  to  be  located  on  the  Embarrass  River, 

103.1  miles  upstream  from  its  confluence  with  the  Wabash  River.  The 
reservoir  site  is  situated  in  Coles,  Cumberland  and  Douglas  Counties, 
Illinois;  and  is  located  47  miles  southeast  of  Decatur,  Illinois,  and 
38  miles  west  of  Terre  Haute,  Indiana.  The  City  of  Charleston,  Coles 
County,  is  adjacent  to  the  north  shore  of  the  reservoir. 

3.  GENERAL  CHARACTERISTICS  OF  PROJECT  AREA  PERTINENT  TO 
RECREATION  USE  AND  DEVELOPMENT 

The  physical  character  of  the  local  terrain  resulted  from  glacial 
action  which  formed  a terminal  morain  in  the  project  area.  This  mo rain 
and  turbulent  stream  action  caused  formation  of  what  is  known  as  the 
Embarrass  Breaks,  a rugged-type  terrain  encompassing  both  shorelines 
of  the  Embarrass  River  flood  plain.  These  rugged  slopes  are  covered 
with  second  growth  hardwood  forests.  They  vdll  add  scenic  splendor 
to  the  reservoir,  but  their  precipitous  nature  will  prove  a limiting 
factor  in  their  suitability  for  recreation  development. 

I Land  use  of  the  plateau-like  upland  areas  is  comprised  of  largely 

marginal  row-crop  and  pasture  farms  and  scattered  vvoodlots.  Corn  and 
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soybeans  are  the  predominant  crop  cover  with  some  activity  in  wheat. 

Hog  and  beef  cattle  raising  are  secondary  pursuits. 

,'Iumerous  gravel  roads  intersect  the  high  ridges  adjacent  to  the  site. 

State  Highway  130  crosses  the  reservoir  site  southeast  of  Charleston 

and  then  proceeds  south  parallel  to  the  east  shore  of  the  proposed 
reservoir  at  a distance  of  approximately  one  mile.  This  highway  will 
intersect  Interstate  Highway  70  at  Greenup,  about  10  miles  south  of 
the  project  site.  The  west  shore  is  served  by  a bituminous  surfaced 
road  which  is  presently  part  of  the  Lincoln  Heritage  Trail  route. 

4.  FEATURES  OF  THE  RESERVOIR  AND  EFFECTS  ON  RECREATION 

The  source  of  project  engineering  and  operation  data  is  the  Louisville 
District,  Corps  of  Engineers.  Project  purposes  to  be  served  by  the 
reservoir  will  include  flood  control,  general  recreation,  fish  and 
wildlife  recreation,  water  supply,  and  water  quality  control.  The 
dam  will  rise  to  elevation  648  feet  l/,  will  be  a maximum  of  100  feet 
high  and  about  2,400  feet  long,  and  will  control  the  runoff  from  a 
drainage  area  of  915  square  miles. 

The  reservoir  will  have  three  storage  pools  - minimum,  seasonal,  and 
flood  control.  The  minimum  pool  will  be  the  lowest  level  to  which  the 
water  will  be  drawn.  The  seasonal  pool  will  be  filled  each  year,  as 
runoff  conditions  permit,  from  about  early  May  to  early  September. 

At  this  time  the  seasonal  pool  will  be  gradually  withdrawn,  providing 
an  increase  to  the  normally  low  natural  flows  and  making  possible  ad- 
ditional flood  control  storage.  Information  is  not  available  as  to 
che  probable  minimum  instantaneous  flow  to  be  provided  by  the  project 
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nor  the  probable  frequency  of  drawdown  to  the  minimum  pool  level  in 
winter.  Tentative  data  concerning  the  reservoir  appear  below. 


Pool 

Elevation 
( ft.msl) 

Capacity 

(acre-feet) 

Area 
( acres) 

Length 

(main  stream) 
(miles) 

Flood  Control 

629 

533,300 

21,250 

53 

Seasonal 

596 

126,765 

6,760 

34 

Minimum 

584 

61,315 

4,310 

26 

l/  All  elevations  are  in  feet  and  refer  to  mean  sea  level  datum. 

The  reservoir  will  have  a scenic  forested  shoreline  with  a few  long 
embayments  to  add  to  the  recreation  value  of  the  site.  The  major  por- 
tion of  the  reservoir,  at  both  minimum  and  seasonal  pool  levels,  will 
be  situated  southeast  and  south  of  Charleston.  Thus,  extensive  public 
recreation  facilities  logically  should  be  located  along  the  downstream 
flanks  of  the  reservoir.  Additionally,  a few  public  boat  marinas,  in- 
cluding one  below  the  dam,  should  be  developed  at  strategic  locations. 
Development  of  these  latter  sites  will  facilitate  maximum  public 
utilization  of  the  reservoir's  recreation  potential. 

5.  REGION  SERVED  AND  POPULATION. 

There  is  a lack  of  natural  lakes  or  large  impoundments  within  the 
general  region.  Thus,  for  purposes  of  estimating  utilization  of  the 
proposed  reservoir,  the  zone  of  influence  is  estimated  to  include  the 
population  within  a 50-mile  radius  of  the  site.  Included  with  this 
zone  are  three  Standard  Metropolitan  Statistical  Areas:  Decatur, 

Illinois  (population  118,257);  Champa ign-Urbana,  Illinois  (132,436); 
and  Terre  Haute,  Indiana  (108,458).  Danville,  Illinois,  within  a 
population  of  41,856,  lies  adjacent  to  the  zone. 
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A population  of  approximately  600,000  (I960  Census)  resides  v/ithin 
the  50-mile  zone  of  influence.  A large  portion  of  this  area  is  rurally 
occupied.  The  population  can  be  expected  to  increase  to  753>OCO 
people  by  1975  and  to  1,087,500  by  the  year  2000. 

6.  RELATED  RECREATION  AREAS 

Within  Coles  County  and  adjacent  to  the  reservoir  there  are  two 
state  parks;  (l)  Lincoln  Log  Cabin  State  Pari:  (86  acres)  and  (2) 

Fox  Ridge  State  Park  (845  acres).  Moore  Home  State  Memorial  is  with- 
in 2 miles  of  the  dam  site.  Lake  Charleston,  a 404-acre  water  supply 
reservoir  at  which  recreation  facilities  are  operated  by  the  Charleston 
Park  Department,  is  the  only  significant  urban,  water-oriented, 
recreation  facility  available  in  the  area.  This  reservoir,  which 
would  be  inundated  by  four  feet  at  minimum  pool  elevation  584,  sup- 
ports without-the-project  general  recreation  utilization  estimated  at 
30,000  visitor  days. 

The  following  non-urban  recreation  areas  are  located  within  50  miles 
* of  the  reservoir  site: 


Area 

County 

Visitor  Days  (1961) 

Red  Hills  St.  Pk. 

Lawrence 

85,452 

Lincoln  Trail  St.  Pk. 

Clark 

94,202 

Kickapoo  St.  Pk. 

Vermilion 

81,433 

Fox  Ridge  St.  Pk. 

Coles 

57,752 

Lincoln  Log  Cabin  St.  Pk. 

Coles 

65,385 

Spitler  Woods  St.  Pk. 

Macon 

30,034 

Shelby  Co.  St.  Forest 

Shelby 

UNKNOWN 

Bryant  Cottage  St.  Memorial 

Piatt 

UNKNOWN 

Moore  Home  St.  Memorial 

Coles 

UNKNOWN 

414,753 

% . 


r ~ ^ 
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7.  TYPES  OF  RECREATION  FOR  V/HICH  THE  PROJECT  IS  SUITED 

The  large  impoundment  and  attendant  scenic  terrain  vail  be  suitable 
for  water-related  activities  and  a variety  of  other  recreation  uses. 
Sightseeing,  picnicking,  swimming  2/ , boating  and  camping  will  be  major 
activities. 

The  two  State  Park  areas  adjacent  to  the  proposed  reservoir  also  could 
contribute  in  forming  a nuculeus  for  recreation  development  within  the 
area.  Current  facilities  will  need  to  be  expanded  and  additional 
facilities  developed  to  meet  the  recreation  demands  expected  by  con- 
struction of  the  reservoir. 

8.  RECq/MEIJDED  PLAN  CF  IMPROVEMENT 

Lincoln  Reservoir  vail  have  the  inherent  capacity  to  substantially 
fulfill  public,  water-oriented,  recreation  needs  in  the  zone  of  in- 
fluence. However,  as  a prerequisite  to  fulfilling  these  needs  it  will 
be  necessary  to  acquire  and  develop  about  5,000  acres  of  lands  adja- 
cent to  the  reservoir,  essentially  as  shown  on  the  attached  map.  Since 
most  of  the  lands  immediately  adjacent  to  the  reservoir  are  steep  and 
not  suitable  for  development,  it  will  be  necessary  that  a substantial 
portions  of  lands  to  be  developed  for  recreation  be  acquired  some  dis- 
tance from  the  reservoir.  The  Illinois  Department  of  Conservation  has 
indicated  interest  in  developing  and  administering  the  recreational  use 
of  these  lands.  Additionally,  in  order  to  assure  optimum  utilization 
of  the  reservoir  recreation  potential,  a few  minimum  public  access  sites 
will  need  to  be  developed.  The  plan  of  improvement  outlined  below  in- 
eludes  initial  and  deferred  plans  o'"  development. 

2/  It  is  assumed  that  domestic  waste  effluent  emanating  from  Charleston 
and  Mattoon  will  not  restrict  the  usefulness  of  the  reservoir. 
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Initial  Plan 


(l)  Purpose 

The  protection  and  development  of  the  recreation  potential 
of  the  project  site  and  the  meeting  of  immediate  needs  for  recrea- 
tion in  the  area  of  inflixence  would  be  the  prime  goals  of  facilities 
to  be  developed  in  the  initial  plan  3/.  This  plan  should  be  developed 
to  accommodate  a design  load  of  8, ICO  and  an  estimated  annual  attend- 
ance of  425,000  visitor  days.  The  plan  should  be  confined  primarily 
to  day-use  recreation  activities  with  only  limited  overnight  camping. 

(2)  General  Description 

The  Fox  Ridge  State  Park  and  the  Lincoln  Log  Cabin  State  Park 
would  form  a land  nucleus  from  which  to  make  major  development  of  day- 
use  activities.  These  sites  would  need  to  be  expanded  so  as  to  provide 
recreation  lands  adjacent  to  water.  Limited  day-use  areas  could  be 
developed  in  conjunction  with  boat  launching  sites  on  Kickapoo  Creek, 
on  the  Embarrass  River  due  east  of  Cnarleston,  on  the  Embarrass  River 
where  the  Little  Embarrass  River  joins,  and  at  the  tailwater  area, 
substantially  as  shown  on  the  attached  map. 

B.  Deferred  Plan 
(l)  Purpose 

The  deferred  plan  of  improvement  would  be  instigated  five 
years  after  project  completion  and  would  be  designed  to  provide  facili- 
ties for  optimum  use  of  the  recreation  potential  of  the  site.  The 
recreation  activities  provided  for  under  this  plan  would  include  swim- 
ming, picnicking,  boating,  hiking,  no  Lure  trails,  camping,  trailer 
on raps,  and  organized  group  camping.  When  completely  developed  the 

_ 7 rst  five  years  following  project  construction. 
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recreation  facilities  would  accommodate  an  estimated  additional  design 
load  of  12,900  and  an  additional  annual  visitation  of  675,000.  Thus 
the  project  recreation  lands  would  be  developed  to  provide  for  a maximum 
design  load  of  21,000  and  an  estimated  optimum  utilization  of  1,100,000 
visitor  days  of  general  recreation. 

(2)  General  Description 

The  recreation  potential  of  the  topography  surrounding  the 
proposed  reservoir  poses  problems  and  is  such  that  the  designation  of 
a specific  site  for  recreation  development  vail  require  a more  detailed 
study  of  the  reservoir  area.  The  following  plan  of  development  refers 
to  general  areas  suitable  for  recreation. 

Development  on  the  west  shore  should  expand  the  existing  State  Park 
facilities  and  extend  up  to  about  half  way  between  Indian  Creek  and 
Kickapoo  Creek.  Benches,  marinas,  camping,  sightseeing,  and  hiking- 
trail  facilities  for  optimum  recreation  activity  could  be  suitably 
developed  in  this  area.  The  Fox  Ridge  State  Park  area  could  be 
similarly  expanded  and  developed  on  the  east  shore. 

9.  BENEFITS 

Monetary  evaluations  of  general  recreation  are  in  general  accordance 
with  the  October  31,  1963  draft  of  'Evaluation  Standards  for  Primary 
Outdoor  Recreation  Benefits,"  as  prepared  by  the  Joint  Task  Force  on 
Recreation  of  the  Recreation  Advisory  Council  and  the  Ad  Hoc  V/ater 
Resources  Council.  This  procedure  is  used  to  evaluate  benefits  which 
accrue  to  general  recreation  as  a result  of  construction  of  a water- 
development  project. 
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The  estimates  of  utilization  include  only  the  visitation  expected  to 
occur  at  public  developments  and  access  sites  created  at  the  project, 
less  those  amounts  already  being  provided  by  existing  public  facilities 
which  are  expected  to  be  degraded  or  rendered  useless  by  construction 
of  the  project.  In  this  case,  the  project  reservoir  will  inundate 
Lake  Charleston  causing  losses  of  recreation  opportunities. 


In  the  following  table  the  estimate  of  optimum  visitation  (50  year) 
to  the  project  indicates  the  maximum  number  of  visitor-days  expected 
to  occur  at  the  proposed  public  recreation  facilities.  The  average 
annual,  net,  monetary,  benefits  are  provided  for  use  in  approximating 
the  benefit/cost  ratio. 

ESTIMATES  OF  JFTIMUM  AND  AVERAGE  ANNUAL 
VISITATION  AND  VALUES  OF  PUBLIC  RECREATION  AT  LINCOLN  RESERVOIR 
WITHOUT  AND  WITH  THE  PROJECT 

Without  the  Project  With  the  Project 

Lake  Charleston  Lincoln  Reservoir 


Rec . 

Unit 

Rec. 

Rec. 

Unit  Rec . 

Net  4/ 

Year 

Days 

Value 

Value 

Days 

Value  Value 

Benefit 

5 

30,000 

$.50 

$15,000 

425,000 

$.75  $318,750 

$304,000 

50 

30,000 

$.50 

$15,000 

1,100,000  $1.25  $1,375,000  $1,360,000 

Avg.  Ann. 
50-year 

30,000 

$.50 

$15,000 

708,950  $1.20  $850,740 

$G 36,000 

Avg.  Ann. 
100-year 

30,000 

$.50 

$15,000 

904,475  $1.23  $1,112,504 

•ee 

M 

O 

CO 

0 

0 

0 

4/  Rounded  to  nearest  thousand. 


10.  RECREATION  DEVELOPMENT  COSTS 


The  estimated  recreation  development  costs  for  initial  and  deferred 
recreation  development  are  shown  in  the  following  table.  These  amounts 
do  not  include  the  cost  of  land  acquisition.  These  are  preliminary 
estimates,  and  refinements,  including  land  costs,  will  be  necessary  as 
occasion  demands. 

RECREATION  DEVELOPMENT  COSTS 


Initial 

Deferred 

Total 

Facilities 

$1,553,000 

$1,740,000 

$3,293,000 

Planning,  Overhead 

and  Contingencies 

388,000 

435,000 

823,000 

TOTAL. 

$1,941,000 

$2,175,000 

$4,116,000 

The  total  annual  equivalent  of  construction  costs  for  recreation 
facilities  is  based  on  a 25-year  period  at  3«0£.  This  figure  is 
currently  used  for  what  is  considered  as  the  life  of  recreation 
facilities  for  the  project  and  is  shown  as  follows: 

TOTAL  ANNUAL  EQUIVALENT  OF  CONSTRUCTION  COSTS  FOR 


RECREATION 

FACILITIES 

Initial 

Deferred 

Total 

Operation  and 
Maintenance 

$ 85,000 

$135,000 

$220,000 

Ann.  Equiv.  of 
Constr.  Costs 

111,000 

125,000 

236,000 

TOTAL 

$196,000 

$260,000 

$456,000 
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11.  RECOMMENDATIONS 


General  recreation  should  be  included  as  one  of  the  purposes  for 
which  the  project  is  authorized. 

Approximately  5,000  acres  of  land,  located  substantially  as  shown 
on  the  attached  map,  should  be  acquired  in  fee  simple  at  project 
cost  for  general  recreation.  The  responsibility  for  the  develop- 
ment and  administration  of  the  recreation  use  of  these  lands 
should  be  vested  in  the  Illinois  Department  of  Conservation. 

All  minimum-facility  public  access  sites  shorn  on  the  attached  man 
should  be  provided  at  project-cost. 

Consideration  should  be  given  to  the  development  of  a zoning  plan 
for  project  lands  and  waters  to  insure  that  optimum  opportunities 
for  general  recreation  may  be  realized  without  conflicting  with 
fishing,  hunting,  and  associated  wildlife  purposes;  such  zoning 
plan  to  be  developed  cooperatively  by  the  Corps  of  Engineers,  the 
Bureau  of  Outdoor  Recreation,  the  Bureau  of  Sport  Fisheries  and 
V/ildlife,  and  the  Illinois  Department  of  Conservation. 

The  report  of  the  District  Engineer  should  recognize  the  need  for 
additional  recreation  studies  and  should  provide  for  such  rea- 
sonable modifications,  including  the  extent  and  location  of 
recreation  lands,  as  may  be  agreed  upon  by  the  Corps  of  Engineers 
and  the  Bureau  of  Outdoor  Recreation. 
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STATE  OF  ILLINOIS 
DEPARTMENT  OF  CONSERVATION 
Springfield 


William  T.  lodge 
Director 


March  3,  1964 


Mr.  Roman  H.  Koenirgs 

Regional  Director 

U.  S.  Department  of  Interior 

Bureau  of  Outdoor  Recreation 

Lake  Central  Region 

15  Research  Drive 

Ann  Artor,  Michigan,  46103 

Dear  Mir.  Koenings : 

V/e  have  your  letter  of  February  27,  1964,  and  the  Reconnaissance 
Report  on  the  Recreation  Resources  of  the  Lincoln  Reservoir,  Vabash 
River  Basin,  Illinois,  prepared  for  the  U.  S.  Ar my  Engineer  District, 
Louisville  Corps  of  Engineers,  Louisville,  Kentucky,  by  the  U.  S. 
Department  of  the  Interior,  Bureau  of  Outdoor  Recreation,  Lake  Central 
Region,  Ohio  River  Basin  Office,  Lebanon,  Ohio. 

On  December  10,  1963,  Mr.  Arnold  Kugler  of  our  engineering  division 
together  with  Mr.  Rudy  Stir.auer,  area  fish  biologist  and  Mr.  Robert  Franz 
of  your  Lebanon,  Ohio  office  made  a field  reconnaissance  of  the  reservoir 
area.  The  general  comments  at  the  time  of  the  field  survey  followed  the 
line  of  your  recommendations  to  the  U.  0.  Corps  of  Engineers.  After 
revievang  your  report,  we  wish  to  concur  in  the  recommendations  as  they 
have  teen  prepared  by  your  office.  This  can  be  a very  valuable  and  much 
needed  recreation  improvement  for  the  East  Central  Illinois  Region. 

Very  truly  yours. 


ogd/Villiam  T.  Lodge 

WILLIAM  T.  LODGE 
Director 


Y;TL:P1 


E:hibit  F-4 


> • « 


m 


RECONNAISSANCE  REPORT 
ON  THE 

RECREATION  RESOURCES 
OF  THE 

CLIFTY  CREEK  RESERVOIR 
WABASH  RIVER  BASIN 
INDIANa 


PREPARED  FOR: 

U.  S.  ARMY  ENGINEER  DISTRICT,  LOUISVILLE 
CORPS  OF  ENGINEERS 
LOUISVILLE,  KENTUCKY 


BY 

U.  S.  DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  OUTDOOR  RECREATION 
LAKE  CENTRAL  REGION 
OHIO  RIVER  BASIN  OFFICE 
LEBANON,  OHIO 

JAWARY  1964 


EXHIBIT  F-4 


APPRAISAL  OF  MULTI-PURPOSE  PROJECT  FOR  RECREATION 


Preface:  The  following  appraisal  is  made  on  the 

assumption  that  the  plan  of  operation  will  not 
adversely  affect  the  recreation  use  of  the  pro- 
ject. It  applies  to  this  particular  site  only  and 
does  not  constitute  a unit  evaluation  of  a proposed 
system  of  reservoirs  in  that  possible  effects  of 
other  sites  upon  this  site  have  not  been  considered. 

1.  PROJECT  NAME: 

Clifty  Creek  Reservoir 

2.  LOCATION: 

The  project  site  is  located  at  river  mile  18. 4 on  Clifty  Creek  in 
Bartholomew  and  Decatur  Counties,  Indiana,  13  miles  east  of  Columbus 
and  14  miles  west  of  Greenburg.  The  village  of  Hartsville  lies  adja- 
cent to  the  east  shoreline  of  the  proposed  reservoir. 

3.  GENERAL  CHARACTERISTICS  OF  PROJECT  AREA  PERTINENT  TO  RECREATION 

USE  AND  DEVKLOB.-lCI  iT  : 

The  land  surface  area  of  the  proposed  reservoir  area  is  that  of 
slightly  rolling  hills  sloping  into  narrow  stream  bottom  lands. 

The  terrain  adjacent  to  the  proposed  reservoir  site  is  flat,  open  farm- 
land. Corn,  hay,  clover,  tobacco  and  sorghum  are  the  principal  crops 
with  dairying  and  hog  raising  as  secondary  endeavors.  Land  use  is  in- 
tensive and  many  properous-appearing  farms  are  located  within  the 
upland  areas. 

The  Clifty  Creek  segment  of  the  project  area  is  a shallow  and  ncirow 
river  valley.  Most  forest  cover  in  the  area  is  within  this  bottomland 
zone.  Stream  valley  forest  cover  is  composed  primarily  of  sycamore, 
black  oak,  hackberry  and  redbud. 


The  Falls  Fork  arm  of  the  project  area  contains  a falls  with  a 10-15 
foot  high  cliff  face  at  alevation  7C0  feet.l/  A small  turnout  along 
country-route  330  W provides  access  to  the  falls.  This  stream,  becomes 
completely  dry  at  times.  The  stream  beds  and  some  of  the  forested 
slopes  along  Clifty  Creek  and  Fails  Fork  show  outcrops  of  limestone. 
Access  to  the  area  is  over  State  Route  46.  This  road  vail  have  to 
be  relocated  in  the  construction  of  the  reservoir.  Many  gravel  roads 
traverse  the  main  section  of  the  reservoir  and  will  provide  suffi- 
cient access  to  recreation  lands. 

4 . FEATURES  OF  TPIE  RESERVOIR  AND  EFFECTS  ON  RECREATION: 

The  source  of  project  engineering  and  operation  data  is  the 
Louisville  District,  Corps  of  Engineers.  Project  purposes  to  be 
served  by  the  reservoir  vail  include  flood  control,  general  recrea- 
tion, and  fish  and  wildlife  recreation.  The  dam  will  rise  to  eleva- 
tion 750,  will  be  a maximum  of  85  feet  high  and  6,580  feet  long,  and 
will  control  the  runoff  from  a drainage  area  of  140  square  miles. 

The  reservoir  vail  have  three  storage  pools  - minimum,  seasonal,  and 
flood  control.  The  minimum  pool  will  be  the  lowest  level  to  v/hich  the 
reservoir  vail  be  drawn.  The  seasonal  pool  will  be  filled  each  year, 
as  runoff  conditions  permit,  from  about  earl;'  May  to  early  September. 
At  this  time  the  seasonal  pool  vail  be  gradually  withdrawn,  augmenting 
the  normally  low  natural  flows  and  making  possible  additional  flood 
control  storage.  This  office  does  not  have  data  available  as  to  the 
probable  minimum  instantaneous  flow  to  be  provided  by  the  project,  nor 
information  as  to  the  probable  frequency  of  drawdown  to  the  minimum 
pool  level  in  winter. 

1/  All  elevations  are  in  feet  and  refer  to  mean  sea  level  datum. 
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Tentative  data  concerning  the  reservoir  appear  below, 


Area  Length  of  Pool 
( acres )(rr.aln  stream  miles) 


Elevation 
( ft*  nsl) 


Capacity 

ccr^-feet 


Flood  Control 


Minimum 


The  reservoir  will  extend  in  two 


two  arms  and  numerou; 


distinct  arms  away  from  the  dam,  the  Clifty  Creek  arm  extending  north 


and  the  Falls  Fork  arm  extending  south.  The  village  of  Hartsville,  be' 


cause  of  its  location  adjacent  to  the  east  shore  of  the  nor  hi  arm  o 


maximum  variance  in  land  elevations  within  a mile  of  the  reservoir  is 


40  feet.  The  area  adjacent  to  the  project  is  relatively  flat  and  much 


of  the  shoreline  within  the  recreation  sites  will  be  suitable  for  bead 


development  and  boat  launching  facilities 


REGIOM  SER'HiD  AND  POPULATION 


The  local  zone  of  influence  would  extend  25  miles  and  contain 


tions  of  10  counties.  The  population  within  this  zone  is  202,000  ae 


cording  to  1900  census  figures.  This  population  is  expected  to  increa 


Adjacent  to  this  zone  is  the  Standard  Metropolitan  S+atistical  Area  of 


(I960  population  - 697,567).  Tide  area  is  expected  to 


Inaianapol 


provide  the  major  portion  of  visitation  from  outside  the  local  'one 


Interstate  Highway  65  will  pass  16  miles  west  of  the  reservoir  site 


while  Interstate  Highway  74  vail  cross  14  miles  northwest  of  the  site. 
These  highways  vail  provide  mobility  from  Indianapols,  Indiana, 
Cincinnati,  Ohio,  and  Louisville,  Kentucky;  therefore,  they  are 
considered  to  contribute  to  the  potential  visitation  to  the  project. 

6.  RELATED  RECREATION  AREAS 

Within  25  miles  of  the  reservoir  site  there  are  613  acres  of 
non-urban  recreation  lands.  These  are  located  in  Iviuscatatuck  State 
Park  and  Selmier  State  Forest,  Jennings  County.  There  are  not  any 
attendance  statistics  available  for  these  areas. 

7.  TYPES  OF  RECREATION  FOR  WHICH  PROJECT  IS  SUITED 

Due  to  the  limited  size  of  the  impoundment,  day-use  type  activi- 
ties will  comprise  the  major  recreation  use  of  the  site.  Picnicking, 
swimming,  and  boating  will  be  the  principal  day-use  activities. 

Tent  camping,  group  camping  and  allied  activities  vail  be  suitable  at 
areas  more  removed  from  the  reservoir.  Location  of  these  facilities 
will  be  partially  dependent  on  the  relocation  of  that  section  of  State 
Route  46  scheduled  to  be  inundated  by  impoundment  of  water. 

. RECCMMENDED  PL  AH  OF  U'PROTO.IENT 

Clifty  Creek  Reservoir  project  will  have  the  inherent  capacity  to 
substantially  fulfill  public-water-oriented  re  -reation  needs  ir  the 
local  zone  of  influence.  However,  as  a prerequisite  to  fulfilling 
these  needs  it  will  be  necessary  to  acquire  and  develop  about  600 
acres  of  land  adjacent  to  the  reservoir,  essentially  as  shown  on  the 
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attached  map.  The  Indiana  Department  of  Parks  has  indicated  interest 
in  developing  and  administering  the  recreational  use  of  these  lands. 

In  order  to  assure  optimum  utilization  of  the  reservoir  recreation 
potential,  it  will  be  necessary  to  develop  one  or  two  additional  minimum 
public  access  sites.  The  plan  of  improvement  outlined  below  includes 
initial  and  deferred  plans  of  development. 

A.  Initial  Plan 
( l)  Purpose 

The  primary  purposes  of  the  initial  plan  2/  are  the  protection 
of  the  recreation  potential  azid  natural  resources  of  the  project  site 
and  development  to  meet  tne  immediate  needs  for  recreation  in  the  zone 
of  influence.  This  plan  should  be  developed  for  a design  load  of  3,8CO 
and  an  estimated  annual  visitation  of  2C0,CC0.  Initial  recreation  de- 
velopment would  be  confined  primarily  to  day-use  recreation  activities 
with  limited  overnight  camping. 

(2)  General  Description 

Three  areas  saving  a potential  for  development  are  shown  en 
the  enclosed  map. 

The  land  situated  generally  between  Hartsville  on  the  north  and  Fal].s 
Fork  on  tne  south  has  resources  and  opportunities  for  recreation  de- 
velopment. Major  portions  of  the  day-use  facilities  required  under 
tne  initial  plan  should  be  provided  in  this  area.  Numerous  bays,  in- 
lets, should  be  developed  in  conjunction  with  boating  and  swimming, 
the  peninsulas  developed  for  picnicking. 

2/  First  five  years  following  project  construction. 
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The  tv;o  areas  situated  on  the  west  shore  of  the  proposed  reservoir 
should  be  developed  to  provide  overnight  camping  facilities  as  well 
as  limited  beach  and  boat  launching  facilities  in  the  initial  plan. 

Access  points,  with  some  basic  facilities,  should  be  planned  and 
provided  for  in  the  upper  reaches  of  the  seasonal  pool  and  at  the 
tailwater  area. 

In  this  stage,  a tree  planting  program  should  be  started  to  complement 
planned  ultimate  development  for  the  site. 

D . Deferred  Plan 

(1)  Purpose 

The  deferred  plan  of  improvement  would  be  designed  to  provide 
facilities  for  optimum  use  of  the  recreation  potential  of  the  site. 

The  recreation  activities  provided  for  under  this  plan  would  include 
swimming,  picnicking,  boating,  camping,  nature  trails,  and  organized 
group  camping.  When  completely  developed  the  recreation  facilities 
would  accommodate  an  estimated  additional  design  load  of  11,400  and  an 
additional  annual  visitation  of  600,000  persons.  Thus,  the  project 
recreation  lands  would  be  developed  to  provide  for  a total  design  load 
of  15,200  visitors  and  an  estimated  optimum  utilization  of  800,000 
visitor-days. 

V f 1 

( 2 ) General  Description 

+\'  ) 

The  recreation  potential  of  the  topography  surrounding  the 
proposed  reservoir  is  such  that  designation  of  specific  boundaries 
for  recreation  development  sites  would  require  a more  detailed  study 
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of  the  reservoir  area.  However,  the  Indiana  Department  of  Conservation, 


Division  of  Conservation,  Division  of  State  Parks,  has  considered  the 
plan  and  concurs  with  the  general  location  and  amount  of  lands  neces- 
sary for  recreation  development  at  the  site. 

Development  in  this  deferred  stage  would  be  the  expansion  of  facilities 
constructed  in  the  initial  stage  of  development.  Although  development 
in  this  stage  should  continue  to  emphasize  day-use  activities  develop- 
ment of  tent  camping  facilities  and  trails  should  take  place  consistent 
with  providing  optimum  recreation  use  on  the  relatively  limited  acreage. 

9.  BENEFITS 

Monetary  evaluations  of  general  recreation  are  based  on  the 
October  31,  1963  draft  of  "Evaluation  Standards  for  Primary  Outdoor 
Recreation  Benefits,"  as  prepared  by  the  Joint  Task  Force  on  Recreation 
of  the  Recreation  Advisory  Council  and  the  Ad  Hoc  Water  Resources 
Council.  This  procedure  is  used  to  evaluate  benefits  which  accrue 
to  general  recreation  as  a result  of  construction  of  the  proposed 
project. 

The  estimates  of  utilization  include  only  the  visitation  expected  to 
occur  at  public  developments  and  access  sites  created  at  the  project. 

In  the  following  table  the  estimate  of  optimum  visitation  ( 50th  year) 
to  the  project  indicates  the  maximum  number  of  visitor-days  expected 
to  occur  at  public  recreation  facilities.  The  average  annual  net 
monetary  benefits  are  provided  for  use  in  determining  the  benefit/cost 
ratio. 
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ESTIMATES  OF  MAXIMUM  AND  AVERAGE  ANNUAL  VISITATION  AND 
VALUES  OF  PUBLIC  RECREATION  AT  CLIFTY  CREEK  RESERVOIR 


Year 

Recreation 

Days 

Benefit 

Value 

Recreation  3/ 
Benefits 

5 

200,000 

$0.75 

$150,000 

50 

800,000 

$1.10 

$880,000 

Avg.  Ann. 
50-year 

460,000 

$1.07 

$492,000 

Avg.  Ann. 
100-year 

630,000 

$1.08 

$680,000 

?/  Rounded  to  the  nearest  thousand. 


I 
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10.  RECREATION  DEVELOPMENT  COSTS 


The  estimated  costs  for  initial  and  deferred  recreation  development 
are  shown  in  the  following  table.  This  amount  does  not  include  the 
cost  of  land  acquisition  nor  interest  during  construction. 


RECREATION  DEVELOPMENT  COSTS 


Initial 


Deferred 


Facilities  $ 957,000 


$1,539, COO 


Planning,  Overhead, 

and  Contingencies  239,000  385,000 


TOTAL  $1,196,000  $1,924,000 


Total 

$2,496,000 

624,000 

$3,120,000 


The  total  annual  equivalent  of  construction  costs  for  recreation  facil- 
ities is  based  on  a 25-year  period  at  2-7/8£.  This  figure  is  currently 
used  for  what  is  considered  as  the  life  of  recreation  facilities  for 
the  project. 


ESTIMATED  ANNAUL  CHARGES  FOR  RECREATION  FACILITIES  CCC13 


Initial 

Deferred 

Total 

Operation  & Maintenance 

$ 40,000 

$120,000 

$160,000 

Annual  Equivalent  of 
Construction  Costs 

68,000 

109.000 

177,000 

TOTAL 

$108,000 

$229,000 

$377,000 

11.  RECOMMENDATIONS 


A.  General  recreation  should  be  included  as  one  of  the  purposes  for 
which  the  project  is  authorized. 

B.  Approximately  600  acres  of  land,  located  substantially  as  shown 
on  the  attached  map,  should  be  acquired  in  fee  simple  at  project 
cost  for  general  recreation.  The  responsibility  for  the  develop- 
ment and  administration  of  the  recreation  use  of  these  lands  should 
be  vested  in  the  Indiana  Department  of  Conservation. 

C.  All  minimum-facility  public  access  sites  shown  on  the  attached  map 
should  be  provided  at  project  cost. 

D.  Consideration  should  be  given  to  the  development  of  a zoning  plan 
for  project  lands  and  ’waters  to  insure  that  optimum  opportunities 
for  general  recreation  may  be  realized  without  conflicting  with 
fishing,  hunting,  and  associated  wildlife  purposes;  such  zoning 
plan  to  be  developed  cooperatively  by  the  Corps  of  Engineers,  the 
Bureau  of  Outdoor  Recreation,  the  Bureau  of  Sport  Fisheries  and 
Wildlife,  and  the  Indiana  Department  of  Conservation. 

E.  The  report  of  the  District  Engineer  should  recognise  the  need  for 
additional  recreation  studies  and  should  provide  for  such  reasonable 
modifications,  including  the  extent  and  location  of  recreation 
lands,  as  ray  be  agreed  upon  by  the  Corps  of  Engineers  and  the 
Bureau  of  Outdoor  Recreation. 
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EXHIBIT  F-4 


APPRAISAL  OF  MULTI-PURPOSE  PROJECT  FCR  RECREATION 

Preface:  The  following  appraisal  is  made  on  the 

assumption  that  the  plan  of  operation  will  not 
adversely  affect  the  recreation  use  of  the  project. 
It  applies  to  this  particular  site  only  and  does 
not  constitute  a unit  evaluation  of  a proposed 
system  of  reservoirs  in  that  possible  effects  of 
other  sites  upon  this  site  have  not  been  considered. 
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1.  PROJECT  NAME 
Patoka  Reservoir 

2.  LOCATION 

The  project  is  located  on  the  Patoka  River  in  Crawford,  Dubois  and 
Orange  Counties,  14  miles  southwest  of  Paoli  and  14-8  miles  south  of 
French  Lick,  Indiana.  The  dam  site  is  located  at  river  mile  118.3 
and  about  3/4  mile  northeast  of  Ellsworth,  Indiana. 

3.  GENERAL  CHARACTERISTICS  OF  PROJECT  AREA  PERTINENT  TO  RECREATION 

USE  AND ' I)EVEroFMRT' 

Valleys  with  narro w flood  plains  and  irregular  upland  topography 
are  typical  in  the  project  area.  For  the  most  part,  the  terrain  im- 
mediately surrounding  the  reservoir  varies  from  high  flat  ridges  to 
rolling  or  undulating  uplands  with  moderate  to  steep  slopes.  Maxi- 
mum variance  of  topography  within  one  mile  of  the  site  is  270  feet. 

The  reservoir  area  is  primarily  open  agricultural  lands.  Forest  cover 
is  limited  to  the  steeper  hillsides  and  ravines.  Farm  woodlots  com- 
posed of  oak,  hickory  and  related  hardwood  species  are  scattered  through- 
out the  area.  •sjj 


The  project  is  situated  almost  entirely  within  the  original  defined 
Hoosier  National  Forest  boundary  line. 


Access  to  the  project  site  is  fair.  North-south  mobility  is  pro- 
vided by  Indiana  Highway  145.  East-west  movement  would  be  improved 
with  the  implementation  of  the  proposed  program  for  construction  of 
Interstate  64.  Direct  access  to  the  immediate  area  is  provided  by 
a network  of  local  hard  surface  and  gravel  roads. 

4.  FEATURES  OF  THE  RESERVOIR  AND  EFFECTS  ON  RECREATION 

The  source  of  project  engineering  and  operation  data  is  the 
Louisville  District,  Corps  of  Engineers.  Project  purposes  to  be 
served  by  the  reservoir  will  include  flood  control,  general  recreation, 
fish  and  wildlife  recreation,  water  supply,  and  water  quality  control. 
The  dam  will  rise  to  elevation  565  feet  l/,  vail  be  a maximum  of  89 
feet  high  and  about  2,500  feet  long,  and  will  control  the  runoff  from 
a drainage  area  of  168  square  miles. 


The  reservoir  will  have  three  storage  pools — minimum,  seasonal,  and 
flood  control.  The  minimum  pool  will  be  the  lowest  level  to  which 
the  water  will  be  drawn.  The  seasonal  pool  will  be  filled  each  year, 
as  runoff  conditions  permit,  from  about  early  May  to  early  September. 
At  this  time  the  seasonal  pool  will  be  gradually  withdrawn,  augment- 
ing the  normally  low  natural  flows  and  making  possible  additional 
flood  control  storage.  Information  is  not  available  as  to  the  proba- 
ble minimum  instantaneous  flow  to  be  provided  by  the  project  nor  the 
probable  frequency  of  drawdown  to  the  minimum  pool  level  in  winter. 
Tentative  data  concerning  the  reservoir  appear  below. 


1/  All  elevations  are  in  feet  and  refer  to  mean  sea  level  datum. 
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Pool 

Elevation 
( ft.msl) 

Capacity 
( acre-feet) 

Surface  Area 
( acres) 

Length  of  Pool 
(main  stream) 
(miles) 

Flood  Control 

550 

324,000 

11,760 

31 

Seasonal 

536 

180,700 

8,880 

25 

Minimum 

506 

13,200 

2,010 

11 

The  water  surface  area  created  by  establishment  of  a seasonal  pool 
at  elevation  536  would  be  compatible  with  recreation  interests  and 
permit  orderly  and  economical  development  of  the  available  resources. 
Temporary  flood  storage  above  the  seasonal  pool  level  would  not 
materially  affect  the  recreation  potentialities  of  the  site;  however, 
this  factor  would  have  to  be  considered  in  the  location  of  permanent 
facilities  such  as  bathhouse,  concession  building,  and  the  stabiliza- 
tion of  bathing  beaches,  boat  docks  and  boat  launching  facilities. 

The  reservoir,  due  to  irregularity  of  the  topography,  would  have  a 
diverse  shoreline  with  numerous  bays,  coves,  peninsulas  and  arms. 
There  would  be  two  distinct  arms,  one  formed  by  Lick  Fork  Creek  and 
the  main  arm  formed  by  Patoka  River  and  Painter  Creek.  The  proposed 
recreation  site  located  on  the  north  shore  of  the  Patoka  River  arm, 
just  east  of  the  spillway  location,  should  be  utilized  for  recreation 
in  connection  with  day  use  activities  and  limited  overnight  camping. 

A secondary  highway,  S 1191,  provides  access  to  this  area. 


The  proposed  site  on  the  west  shoreline  of  Lick  Fork  Creek  has  a rather 
steep  terrain  with  access  to  the  water  somewhat  limited,  but  due  to 
location  and  forest  covei’,  should  be  utilized  for  tent  camping  and 
organized  group  camping. 
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The  site  situated  between  the  arms  of  Painter  Creek  and  Patoka  River 
and  bounded  on  the  east  by  route  145  would  be  suitable  for  day  use 
as  well  as  tent  camping  and  group  camping.  The  site  situated  between 
the  arms  of  Lick  Fork  Creek  and  the  Patoka  River  should  be  developed 
primarily  for  tent  and  group  camping,  nature  trails,  and  other  less 
intensive  uses. 

5.  REGION  SERVED  AND  POPULATION. 

There  are  no  Standard  Metropolitan  Statistical  Areas  included 
within  the  50-mile  zone  of  influence.  The  Standard  Metropolitan 
Statistical  Areas  of  Louisville,  Kentucky  and  Indianapolis,  Terre 
Haute  and  Evansville,  Indiana  are  located  respectively  at  55,  100, 

85  and  55  air  miles  distant  from  the  project. 

The  town  of  Paoli,  population  2,754  (i960  Census),  lies  14  miles 
northeast  of  the  proposed  site.  Numerous  small  rural  communities  are 
situated  adjacent  to  the  site  in  the  predominantly  forested  area. 

A population  of  413,QC0'resides  within  the  50-mile  zone  of  influence. 
It  is  anticipated  that  this  population  will  increase  to  440,000  by 
1975  and  to  746,000  by  the  year  2000. 

6.  RELATED  RECREATION  AREAS 

The  reservoir  site  is  located  within  the  administrative  boundaries 
of  the  Hoosier  National  Forest.  This  National  Forest  is  comprised  of 
four  purchase  units  encompassing  772,460  acres  of  which  about  120,000 
have  been  acquired.  The  German  Ridge  Recreation  Area  and  Pioneer 
Mothers  Memorial  Forest  are  developed  recreation  areas  within  the 
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National  Forest.  During  1958,  about  12,CC0  people  used  these  facilities. 
Lincoln  Boyhood  National  Memorial  Monument  is  within  the  50-mile  zone 
of  influence. 

Two  State  Park  Areas,  Spring  Mill  and  Lincoln  State  Parks,  provide 
2,750  recreation  acres  'within  the  zone.  In  I960  there  were  273,654 
visits  to  these  areas. 

Three  State  Forests — Ferdinand,  Martin  and  Starve  Hollow — provide  an 
additional  11,550  recreation  acres  within  the  zone.  State  Forest 
visitation  is  unknown. 

7.  TYPES  OF  RECREATION  FOR  hHICH  THE  PROJECT  IS  SUITED 

Prime  value  for  this  reservoir  exists  in  the  fact  that  no  other  large 
impoundment  is  available  for  water  oriented  recreation  within  the  zone 
of  influence.  The  overall  size  of  the  impoundment,  relatively  high 
ratio  of  shoreline  miles  to  water  acreage,  scenic  topography,  low  popu- 
lation density,  and  location  within  the  administrative  boundary  of  the 
Hcosier  National  Forest  are  a combination  of  features  not  often  found 
at  proposed  project  areas.  The  large  impoundment  and  attractive  terrain 
would  be  suitable  for  a wide  variety  of  recreation  uses.  Boating,  pic- 
nicking, camping  and  hiking  would  be  popular  activities. 

3 . RECCM/iENDED  FLAM  CF  DEVELOPMENT 

The  Patoka  Reservoir  will  have  the  inherent  capacity  to  fulfill 
public  water  oriented  recreation  needs  in  the  zone  of  influence,  how- 
ever, as  a prerequisite  to  fulfilling  these  needs  it  will  be  necessary 
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to  acquire  and  develop  about  4*000  acres  of  lands  adjacent  to  the 
reservoir,  essentially  as  shown  on  the  attached  map.  The  Forest 
Service  and  the  Indiana  Department  of  Parks  have  both  indicated  in- 
terest in  the  administration  of  recreational  lands  at  the  project. 
Additionally,  in  order  to  assure  optimum  utilization  of  the  reservoir 
recreation  potential,  several  minimum  public  access  sites  will  need 
to  be  developed.  The  plan  of  improvement  outlined  below  includes 
initial  and  deferred  plans  of  development. 

A.  Initial  Plan 

(1)  Purpose 

The  protection  and  development  of  the  recreation  potential 
of  the  project  site  and  the  meeting  of  immediate  needs  for 
recreation  in  the  area  of  influence  would  be  the  prime  goals 
of  facilities  to  be  developed  in  the  initial  plan  2/ . This 
plan  should  be  developed  to  accommodate  a design  load  of 
7,700  and  an  estimated  annual  attendance  of  400,000  visitor 
days.  Initial  development  would  be  directed  primarily  to 
day  use  recreation  activities  with  limited  overnight  camping. 

(2)  General  Description 

A 570  acre  area  located  on  the  north  shore  of  the  reservoir 
and  just  east  of  the  spillway  would  provide  for  a major 
portion  of  day  use  facilities.  An  area  of  530  acres  sit- 
uated on  the  west  shore  of  the  Lick  Fork  Creek  arm  should 
be  utilized  for  tent  camping  and  any  organized  group  camp- 
ing to  be  included  in  initial  development.  The  1540  acre 
2/  First  five  years  following  project  construction. 
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site  which  lies  between  Painter  Creel:  and  Patoka  River  should 
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be  developed  initially  on  a limited  scale  to  include  both 
day  use  and  overnight  camping  facilities.  Day  use  develop- 
ment in  this  stage  would  consist  of  boat  launching  cites, 
picnicking  and  beach  facilities. 

B.  Deferred  Plan 

(1)  Purpose 

The  deferred  plan  of  improvement  would  be  designed  to  provide 
facilities  for  optimum  use  expected.  The  recreation  activi- 
ties provided  for  under  this  plan  would  include  expansion  of 
swimming,  picnicking  and  boating  facilities.  The  establish- 
ment of  hiking,  nature  trails,  camping  and  overnight  facilities, 
trailer  areas,  cabin  areas  and  organized  group  camp  areas 
would  be  accomplished  in  this  phase.  When  completed,  the 
project  recreation  lands  would  be  developed  for  a maximum  design 
load  of  25,700  and  an  estimated  optimum  utilization  of 
1,350,000  visitor  days  of  general  recreation. 

(2)  General  Description 

Development  in  this  stage  would  proceed  with  expansion  of 
facilities  initiated  in  the  previous  stage.  Additionally, 
the  1360  acre  area  between  Licking  Fork  Creek  and  Patoka 
River  should  be  developed  during  this  stage  in  order  to  meet 
the  anticipated  ultimate  visitation  to  the  project.  Major 
emphasis  would  be  given  to  group  uses  such  as  cabin  area, 
trailer  area,  group  camp  use  and  organized  group  camps.  Bath- 
ing and  boat  launching  facilities  would  need  to  be  provided  to 
service  these  operations. 
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9.  BENEFITS 


Monetary  evaluations  of  general  recreation  are  in  general  accord- 
ance with  the  October  31,  1963  draft  of  "Evaluation  Standards  for 
Primary  Outdoor  Recreation  Benefits,"  as  prepared  by  the  Joint  Task 
Force  on  Recreation  of  the  Recreation  Advisory  Council  and  the  Ad 
Hoc  Water  Resources  Council.  This  procedure  is  used  to  evaluate 
benefits  which  accrue  to  general  recreation  as  a result  of  construc- 
tion of  the  proposed  project. 

In  the  following  table  the  estimate  of  optimum  visitation  (50th  year) 
to  the  project  indicates  the  maximum  number  of  visitor-days  per  year 
expected  to  occur  at  public  recreation  facilities.  The  average  annual 
net  monetary  benefits  are  provided  for  use  in  determining  the  benefit/ 
cost  ratio. 

ESTIMATES  OF  OPTIMUM  AND  AVERAGE  ANNUAL 


VISITATION  AND  VALUES  OF  PUBLIC  RECREATION  AT  PAT OKA  RESERVOIR 


Year 

Recreation 

Days 

Benefit 

Value 

Recreation 

Benefits 

5 

400,000 

$1.00 

$ 400,000 

50 

1,350,000 

$1.50 

$2,025,000 

Avg.  Ann. 
50-year 

808,000 

$1.45 

$1,172,000 

Avg.  Ann. 
100-year 

1,079,000 

$1.48 

$1,597,000 

10.  RECREATION  DEVELOPMENT  COSTS 


"T 


The  estimated  recreation  development  costs  for  initial,  deferred 
and  total  recreation  development  are  shown  in  the  following  table. 
These  amounts  do  not  include  the  cost  of  land  acquisition. 


RECREATION  DEVELOPMENT  COSTS 

Initial 

Deferred 

Total 

Facilities 

$1,418,000 

$2,695,000 

$4,113,000 

Planning,  Overhead 
and  Contingencies 

354,000 

674,000 

1,028,000 

$1,772,000 

$3,369,000 

$5,141,000 

The  total  annual  equivalent  of  construction  costs  for  recreation 
facilities  is  based  on  a 25-year  period  at  2-7/8',.  This  figure  is 
currently  used  for  what  is  considered  as  the  life  of  recreation  facili- 
ties for  the  project  and  is  shown  as  follows: 


ANNUAL  CHARGES  RELATED  TO  CONSTRUCTION 
OF  RECREATION  FACILITIES 


Initial 

Deferred 

Total 

Operation  & Maintenance 

$ 30,000 

$190,000 

$270,000 

Annual  Equivalent  of 
Construction  Costs 

100,000 

191,000 

291,000 

$180,000 

$381,000 

$561,000 

i 
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11.  REC  Q/MENDAT1 ONS 


A.  General  recreation  should  be  included  as  one  of  the  purposes 


for  which  the  project  is  authorized. 


B.  Approximately  4,0C0  acres  of  land,  located  substantially  as 
shown  on  the  attached  map,  should  be  acquired  in  fee  simple  at 
project  cost  for  general  recreation.  The  responsibility  for  the 
development  and  administration  of  the  recreation  use  of  these 
lands  should  be  vested  in  the  Forest  Service  or  the  Indiana 
Department  of  Conservation. 


C.  All  minimum  facility  public  access  sites  shown  on  the  at- 
tached map  should  be  provided  at  project  cost. 


D.  Consideration  should  be  given  to  the  development  of  a zon- 
ing plan  for  project  lands  and  waters  to  insure  that  optimum 
opportunities  for  general  recreation  may  be  realized  without 
conflicting  with  fishing,  hunting,  and  associated  wildlife  pur- 
poses; such  zoning  plan  to  be  developed  cooperatively  by  the 
Corps  of  Engineers,  the  Bureau  of  Outdoor  Recreation,  the  Bureau 
of  Sport  Fisheries  and  V/ildlife,  the  Forest  Service,  and  the 
Indiana  Department  of  Conservation. 

E.  The  report  of  the  District  Engineer  should  recognize  the 
need  for  additional  recreation  studies  and  should  provide  for 
such  reasonable  modifications,  including  the  extent  and  loca- 
tion of  recreation  lands,  as  may  be  agreed  upon  by  the  same 
agencies  as  named  in  the  previous  paragraph. 
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STATE  of  INDIANA 
Department  of  Conservation 


INDIANAPOLIS 


March  3,  1964 

Mr.  Roman  H.  Koenings,  Regional  Director 
U.  S.  Department  of  the  Interior, 

Bureau  of  Outdoor  Recreation 

15  Research  Drive 

Ann  Arbor,  Michigan  48103 

Dear  Mr.  Koenings: 

Reference  is  made  to  your  letter  of  February  27th  concerning  your  pre- 
liminary reports  on  recreation  potentials  at  Patoka  and  Clifty  Creek 
Reservoirs. 

Immediately  following  receipt  of  your  letter  these  reservoir  areas  and 
proposed  recreation  lands  were  plotted  on  U.  3.  G.  S.  maps,  and  the 
reports  were  reviewed  by  members  of  my  staff.  We  concur  in  the  recom- 
mendations relating  to  land  acquisition  development,  multiple  use  and 
to  cooperation  and  coordination  between  the  interested  agencies  men- 
tioned. 

We  believe  that  additional  studies  of  land  acquisition  may  well  disclose 
a limited,  yet  desirable,  extension  of  land  tracts  proposed  for  general 
recreation  use.  We  believe  that  in  the  case  of  Patoka  Reservoir;  due  to 
its  extent  and  proposed  multiple  use,  close  cooperation  and  coordination 
would  be  necessary  between  the  interested  agencies,  and  we  suggest  that 
a clear  determination  of  a development  and  operational  planning  schedule 
be  established  as  soon  as  practicable. 

The  Indiana  Department  of  Conservation  would  be  interested  in  receiving, 
under  agreeable  terms,  an  operational  and  administrative  license  for  the 
development  and  operation  of  these  two  reservoirs. 

Very  truly  yours, 


/s/  Donald  E.  Foltz 
Donald  E.  Foltz,  Director 
Department  of  Conservation 
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UNITED  STATES  DEPARTMENT  CD  AGRICULTURE 
FOREST  SERVICE 

\7ayne-Hoosier  National  Forests 
BEDFORD,  INDIANA 

March  3,  1964 


Mr.  Roman  H.  Koenirgs 

Regional  Director 

Bureau  of  Outdoor  Recreation 

15  Research  Drive 

Ann  Arbor,  Michigan  48103 

Dear  Mr.  Koenings; 

\'le  have  reviewed  your  preliminary  report  on  the  patoka  Reservoir  and  are 
in  substantial  agreement  with  your  findings.  There  is  only  one  small 
correction  at  the  top  of  page  2;  the  project  is  mostly,  but  not  entirely, 
within  the  national  forest  boundary  (see  map  attached). 

We  feel  that  development  and  administration  of  these  project-related 
public  lands  would  be  most  effectively  and  economically  accomplished  by 
placing  these  lands  under  the  jurisdiction  of  a single  public  land 
management  agency.  Because  the  Forest  Service  already  has  an  effective 
administrative  structure  established  in  the  area,  and  because  they  pres 
ently  administer  lands  which  would  adjoin  project  lands,  we  recommend 
that  all  lauds  above  the  seasonal  pool  at  elevation  536  be  incorporated 
into  the  Hcosier  National  Forest  system.  Transfer  of  these  lands  can 
be  accomplished  under  provisions  of  the  Act  of  July  26,  1956  (70  Stat. 
656;  16  U.  S.  C.  505a,  505b)  which  states  that  'The  Secretary  of 
Agriculture  with  respect  to  national  forest  lands  and  the  secretary  of 
a military  department  with  respect  to  lands  under  control  of  that  depart- 
ment which  lie  within  or  adjacent  to  the  exterior  boundaries  of  a 
national  forest  are  authorized  ...  to  interchange  such  lands  . . , 
without  reimbursement  or  transfer  of  funds  whenever  they  shall  deter- 
mine that  such  interchange  will  facilitate  land  management  and  will 
provide  maximum  use  thereof  for  authorized  purposes  ..."  Inclusion 
of  these  lands  in  the  present  national  forest  system  would  provide  for 
optimum  development  of  project-related  soil,  water,  timber,  fish  and 
wildlife,  and  recreation  resources  which  would  accrue  additional  bene- 
fits to  the  project. 

Y/e  realize  that  it  was  not  your  intent  to  recommend  a recreation  admin- 
istering agency  in  this  preliminary  report.  However,  we  intend  to  build 
a very  strong  case  for  Forest  Service  participation  and  hope  that  you 
will  agree. 

\’le  will  appreciate  being  kept  advised  on  this  project  and  will  be  Glad 
to  assist  you  in  any  way  we  can. 

Sincerely, 

Sgd/Howard  C.  Cook 

HOWARD  C.  COOK 
Forest  Supervisor 

Enclosure 
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By  L.  F.  Ileising 
Bureau  of  Mines 
Noventer  1963 
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SUMMARY  AND  CONCLUSIONS 

Mineral  commodities  produced  in  Coles,  Douglas,  and  Cumberland 
Counties  are  (1)  limestone,  (2)  sand  and  gravel,  and  (3)  coal.  The 
reservoir  area  lies  about  midway  between  two  oil  pools  that  are  ap- 
proximately 20  miles  apart. 

Limestone  quarries  producing  products  valued  at  $566, CCO  in  1962 
will  be  inundated  at  the  629-foot  flood  control  level.  Waste  stripping 
could  be  used  by  quarry  operators  to  form  dikes  which  would  provide  pro- 
tection at  seasonal  reservoir  levels  and  during  minor  flood  conditions. 
Consideration  should  be  given  to  obtaining  flowage  easements  for  quarry 
areas;  if  agreeable  to  operators. 

No  strip  coals  occur  in  the  reservoir  area.  The  estimated  depth 
of  the  top  coal  bed  is  960  feet.  The  overburden  over  the  coal  is  ade- 
quate and  sufficiently  competent  to  permit  mining  under  the  reservoir 
provided  adequate  safeguards  are  utilized. 

Dry  holes  drilled  in  the  reservoir  area  indicate  lack  of  oil 
potential . 

INTRODUCTION 

Mineral  resources  at  the  proposed  Lincoln  Dam  and  Reservoir  sites 
were  investigated  in  September  1963  at  the  request  of  the  Corps  of 
Engineers,  Louisville  District.  The  investigation  included  field  re- 
connaissance, consultation  with  State  and  Federal  officials,  and  col- 
lecting information  obtained  from  literature  and  resource  maps  pub- 
lished by  State  and  Federal  agencies. 

LOCATION  AND  ACCESSIBILITY 

The  Lincoln  damsite  is  about  one-third  mile  south  of  the  Coles- 
Cumberland  County  line  on  the  Embarrass  River,  sec.  27  T.  11  N., 

R 9 E.,  3rd  principal  meridian.  The  reservoir  waters  will  approach  the 
town  limits  of  Charleston,  the  county  seat  of  Coles  County  (fig.  1) 

Other  cities  and  towns  in  the  vicinity  of  the  reservoir  include 
Ashmore,  Oakland,  and  Ilindsboro.  The  area  is  readily  accessible  by 
paved  state  and  county  highways  and  graveled  roads. 

PHYSICAL  FEATURES 

The  Embarrass  River  will  form  a reservoir  north  of  the  damsiie 
with  a total  area  of  21,250  acres  when  the  flood  control  level  ret- cues 
the  629  mean  sea  level  spillway  elevation.  Minimum  pool  elevation  is 
proposed  at  584  feet;  seasonal  pools  will  range  between  584  and  596 
feet . Drainage  area  of  the  proposed  reservoir  is  915  square  miles . 

The  reservoir  will  be  enclosed  by  rounded  low  lulls  covered  with 
Pleistocene  till,  outwash,  and  loess.  The  area  that  would  be  inundated 
consists  mainly  of  agricultural  lands,  rural  roads,  and  patches  of  tree 
and  brush-covered  woodland. 
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GEOLOGY 


The  geology  of  this  are?  is  Lest  described  by  Clegg. 2/  The 
geology  of  Cumberland,  Coles,  and  Douglas  Counties  is  complex  both 
stratigraphicaliy  and  structurally  (figs.  2 and  3).  Two  major  and 
several  minor  structural  features  have  had  a pronounced  effect  upon 
the  sedimentational  history  of  the  three  counties,  and  have  added 
to  the  complexity  of  correlation  and  interpretation  of  geologic  his- 
tory. 


During  the  Pleistocene  epoch  three  great  continental  ice  sheets, 
the  Kar.san,  Illinoian,  and  Wisconsin  advanced  from  Canada  and  re- 
treated, leaving  widespread  glacial  deposits. 

The  Pennsylvanian  System  in  Coles  and  Cumberland  Counties  con- 
sists of  the  McLeansboro,  Carbondale,  Tradewater,  and  Caseyville 
groups,  named  in  increasing  age  (fig.  4)-  These  bedrock  formations 
are  layers  of  limestone,  shale,  sandstone,  dolomite,  and  coal. 

MINERAL  RESOURCES 
Coal  3/ 

Past  exploration  of  the  coal  resources  of  Coles,  Douglas,  and 
Cumberland  Counties  was  limited  to  those  coal  measures  below  the  top 
Cl  the  Millersville  limestone.  Except  for  a few  exposures  of  the 
Millersville  and  adjacent  beds,  the  Pennsylvanian  strata  is  covered 
by  drift. 

Most  of  the  published  data  on  coal  bed  extent  and  depth  was 
gained  from  drill  logs  of  oil  well  test  holes. 

The  only  coal  production  in  Coles  and  Douglas  Counties  has  been 
from  the  Ho.  7 coal  of  the  LIcLeansboro  group  (fig.  4).  There  has 
been  no  production  in  Cumberland  County.  The  deeper  coals  of  the 
Carbondale  group  have  not  been  utilized.  The  No.  7 coal  was  lo- 
cated in  electric  logging  an  oil  drill  hole  at  a depth  of  960  feet 
in  sec.  4,  T.  11,  R.  9 E.  One  available  diamond  drill  hole  in  sec. 
36,  T.  16  N.,  R.  7 E.  showed  the  No.  7 coal  to  be  only  7 inches 
thick.  At  the  abandoned  i.Iattoon  Mine;  sec.  14,  T.  12  N.,  R 7 E., 
Coles  County,  the  No.  7 coal  was  of  minable  thickness,  42  inches 
and  904  feet  deep. 


Clegg,  Kenneth  E.  Subsurface  Geology  and  Coal  Resources  of  the 
” Pennsylvanian  System  in  Douglas,  Coles,  and  Cumberland  Counties, 
Illinois.  Illinois  Gcol.  Survey  Circular  271,  1959..  16  pp. 

' / Work  cited  in  footnote  2. 
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FIGURE  2. 
(Source : 


Index  map  showing  location  of  Douglas,  Coles,  and 
Cumberland  Counties  with  reference  to  the  deep  part 
of  the  Illinois  Basin. 

Circular  271,  Illinois  State  Geol.  Survey,  1959.) 
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FIGURE  3. 


(Source : 
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Index  map  showing  location  of  principal  structural 
features  in  Douglas,  Coles,  and  Cumberland  Counties. 

1.  LaSalle  Anticlinal  Belt 

2.  Oakland  Anticlinal  Belt 

3.  Mattoon  Anticline 

4.  Cooks  Mills  Anticline 

5.  Chesterville  structure 

6.  Bourbon  structure 

7.  Murdock  Sync line 

Circular  271,  Illinois  State  Geol.  Survey,  1959.) 
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FIGURE  4.  - Generalized  columnar  section  of  the  Pennsylvanian  strata 

below  the  Millersville  Limestone  in  the  deep  basin  area  of 
Cumberland  and  Coles  Counties. 

(Source:  Circular  271,  Illinois  State  Geol.  Survey,  1959.) 
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Coals  of  the  Carbondale  group  below  the  IIo.  7 coal  in  the  deep 
basin  area  of  Coles  and  Douglas  and  Cumberland  Counties  appear  to  be 
less  than  3 feet  thick  and  lie  at  depths  greater  than  any  current 
coal  mining  in  Illinois. 

The  coal  is  presently  not  commercial  because  of  the  easy  avail- 
ability of  other  deposits  that  can  be  mined  at  loner  cost,  iviining  of 
these  deposits  will  likely  be  deferred  until  after  the  more  available 
supplies  are  exhausted,  which  would  be  quite  a long  time  in  the  future, 
in  the  light  of  present  knowledge. 


Limestone 

The  liillersville  limestone  is  quarried  along  the  Embarrass  River 
Valley  northeast  of  Charleston  in  secs.  5 and  32,  T.  13  N.,  R.  10  E. 

The  formation's  general  dip  is  southward . The  limestone,  approximately 
20  feet  thick,  is  quarried  by  two  companies,  the  Charleston  Stone  Co. 
and  Olen  Ilumphres  Stone  Quarry. 

Both  operations  are  situated  along  the  river  with  the  Charleston 
Quarry  plant  near  the  west  river  edge  and  Ilumphres'  on  the  east  side  of 
the  river.  Quarry  workings  extend  for  about  one  mile  along  the  river 
banks. 

The  Charleston  Stone  Co.  plant  site  is  shown  at  610  feet  mean  sea 
level  on  the  State  Waterway  Commission  topographic  survey  map  of  the 
river.  Olen  Ilumphres'  plant  will  not  be  reached  by  flood  waters . 

The  bottom  elevation  of  the  limestone  is  about  590  feet.  The  road 
into  the  Charleston  Quarry  is  at  this  elevation  and  rises  to  about  610 
feet  in  the  plant  area.  Proposed  seasonal  pool  elevation  of  the  reser- 
voir will  range  from  584  to  596  feet. 

In  the  present  operating  portion  of  the  Charleston  Quarry  over- 
burden stripping  has  been  placed  on  the  river  bank  side  of  the  quarry. 
This,  in  effect,  provides  the  start  of  a dike  system  that  could  protect 
the  quarry  from  flooding.  The  stripping  banks  are  presently  pierced  to 
allow  drainage  from  the  quarries.  These  holes  in  the  stripping  hanks 
could  be  filled  to  form  dike  protection. 

A low  dike  presently  protects  Ilumphres'  operations.  This  dike 
could  be  raised  using  stripped  material  to  protect  the  operation  during 
all  except  severe  flood  conditions.  Flood  conditions  expected  by  Corps 
of  Engineers  are  as  follows:  629  feet  once  in  80  years;  616  feet  once 

in  20  years;  and  605  feet  once  in  5 years. 

In  vie;/  of  the  expected  flood  conditions  and  the  ability  of  the 
operators  to  provide  stripping  waste  to  partially  protect  these  opera- 
tions, it  is  recommended  that  consideration  be  given  to  flowage  ease- 
ments in  lieu  of  obtaining  these  lands  in  fee. 
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The  quarries  using  waste  stripping  could  provide  protection  for 
normal  seasonal  pool  elevations  and  minor  flooding,  hut  not  extreme 
flood  conditions. 

The  quarries  are  an  important  source  of  agricultural  limestone. 
The  quarries  produced  360, 0C0  tons  of  crushed  and  agricultural  lime- 
stone valued  at  $566,000  in  1962.  Employment  at  the  quarries  aver- 
ages 42  persons  for  290  days  per  year. 

In  the  event  that  flov/age  easements  were  impractical  or  not  ac- 
ceptable to  the  operators,  the  quarries'  operations  should  l>e  con- 
tinued as  long  as  possible  to  enable  development  of  alternate  sources 
of  limestone.  It  is  expected  that  operating  costs  at  alternate  higher 
elevations  would  he  higher  due  to  the  expense  of  removing  additional 
overburden . 


Oil  and  Gas 

Published  maps  of  the  Illinois  Geological  Survey  4/  show  that 
the  proposed  reservoir  lies  midway  between  the  Mattoon  and  Westfield 
oil  and  gas  pools  which  are  approximately  20  miles  apart.  Several 
smaller  oil  pools  parallel  the  reservoir  area  about  8 miles  to  the 
cast.  Oil  production  is  from  strata  of  Pennsylvanian,  Iviississippiar , 
end  Devonian  age. 

There  is  no  oil  or  gas  production  in  the  reservoir  site. 

The  large  number  of  dry  holes  plotted  on  the  published  oil  and 
gas  development  maps  of  the  area  indicate  the  area  to  be  inundated 
is  not  favorable  for  oil  and  gas  production. 


Sand  and  Gravel 


The  main  sources  of  sand  and  gravel  in  the  reservoir  area  are 
to  be  found  in  the.  Embarrass  River  Valley  and  consist  of  eskers  and 
terraces  formed  during  the  Pleistocene  epoch.  Many  of  these  deposits 
are  considered  capable  of  development  or  deserving  of  being  prospect- 
ed. Although  a number  of  these  potential  undeveloped  sand  and  gravel 
sources  will  be  inundated,  alternate  sources  at  elevations  higher 
than  reservoir  level  will  be  available  for  exploitation. 

Olen  Ilumphres  operates  a sand  and  gravel  pit  in  conjunction 
with  his  limestone  operations  in  sec.  32,  T.  13  N.,  R.  10  E.  The 
nit  is  presently  protected  from  the  river  by  a small  dike.  Dikes 
established  to  protect  this  deposit  would  in  part  also  protect 
Ilumphres 1 limes+one  quarry. 


/ Oil  and  Gas  Development  Map,  Oakland  Area. 

Oil  and  Gas  Development  Map,  Charleston  Area.  Illinois  State 
Geol.  Survey. 
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MINERAL  PRODUCTION 


Minerals  produced  in  Coles  County  in  1962  were  valued  at  $686,367, 
exclusive  of  oil  and  gas  production.  Oil  produced  in  1961  was  4 5 ' • COO 
barrels  valued  at  $1,360,000.  Sand  and  gravel  valued  at  $113,809  was 
produced  by  four  companies.  The  Mattoon  area  produced  70  percent  of 
the  total  sand  and  gravel. 

Limestone  was  produced  by  Charleston  Stone  Co.  and  Olen  Iluaphres 
in  the  Embarrass  River  Valley  northeast  of  Charleston.  Plant  products 
were  used  as  crushed  limestone  for  road  paving  and  agricultural  pur- 
poses. These  quarries  represent  83  percent  of  the  value  of  minerals 
produced  in  Coles  County. 

Mineral  production  of  Douglas  County  was  primarily  coal,  with  a 
value  of  over  $2  million.  As  there  is  only  one  producer,  the  Moffat 
Coal  Co.  near  Murdock,  exact  production  and  value  cannot  be  disclosed. 

In  1961,  220,000  barrels  of  oil  were  produced,  valued  at  $660,000. 

Mineral  production  of  Cumberland  County,  with  the  exception  of  oil 
and  gas  in  1962,  was  $155  CC0.  The  value  of  oil  production  is  combined 
with  Clark  County,  in  State  production  values,  to  avoid  disclosing  con- 
fidential data.  In  1961  Clark  and  Cumberland  Counties  produced 
1,255,000  barrels,  valued  at  $3,675,000. 
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SIMIARY  AND  CONCLUSIONS 

The  Clifty  Creek  Reservoir  is  in  an  area  of  little  mineral 
potential.  There  are  no  known  surface  mineral  deposits  other 
than  limestone  and  sand  and  gravel.  The  limestone  and  sand  and 
gravel  deposits  are  not  commercial  because  ample  developed  sup- 
plies are  available  closer  to  the  more  populous  communities  near 
the  reservoir  site . 

The  Trenton  Limestone  that  has  produced  oil  and  gas  is 
knov/n  to  occur  beneath  the  reservoir.  The  test  holes  drilled 
in  the  area  were  dry  holes.  The  weight  of  evidence  indicates 
that  oil  reserves  do  not  exist  beneath  the  reservoir  site. 

The  possibilities  of  future  important  gas  production  from 
z-eservoir  lands  is  considered  remote. 

INTRODUCTION 

The  Clifty  Creek  damsite  is  in  east  central  Bartholomew 
County,  Indiana,  on  Clifty  Creek,  in  sec.  2,  T 9 N,  R 7 E 
(fig.  1).  The  reservoir  waters  will  approach  the  town  limits 
of  ilartsville.  No  other  cities  and  towns  are  in  the  immed- 
iate vicinity  of  the  reservoir  area.  State  road  No.  46  crosses 
the  damsite  at  Fall  Fork  and  will  be  inundated  in  the  reservoir 
area  from  the  damsite  almost  to  Ilartsville.  Columbus,  a to^'n 
of  20,788  population  lies  about  13  miles  west  of  the  reservoir 
area. 

PHYSICAL  FEATURES 

Clifty  Creek  will  form  a reservoir  starting  from  the 
damsite  at  the  intersection  of  Clifty  Creek  and  Fall  Fork 
with  a total  area  of  1,330  acres  when  the  storage  level 
reaches  730  feet  mean  sea  level,  sea  level  spillway  eleva- 
tion. Drainage  area  of  the  proposed  reservoir  is  140  square 
miles . 

The  reservoir  will  occupy  a relatively  steep  walled 
stream  valley  at  the  damsite.  The  topography  changes  to 
flatter  rounded  hills  upstream.  Brush  and  trees  cover  the 
valley  walls.  Agricultural  land  at  the  reservoir  site  is 
being  used  for  growing  corn  and  hay. 

MINERAL  PRODUCTION 

Minerals  produced  in  1962  in  Decatur  and  Bartholomew 
Counties  were  valued  at  $1.3  million  and  consisted  of 
crushed  limestone  and  sand  and  gravel.  The  major  producer 
is  the  Meshberger  Stone  Corp.  which  operates  a limestone 
quarry  near  Elizabethtown,  about  8 miles  southwest  of  the 
reservoir  area  (fig.  1). 
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There  is  no  mineral  production  of  record  from  the  lands 
proposed  as  the  reservoir  site. 

GEOLOGY  £/ 

The  general  topography  in  the  proposed  Clifty  Creek  Reservoir 
area  is  gently  rolling  to  where  Clifty  Creek  and  Fall  Fork  meet; 
here  the  drift  is  deeply  dissected  and  the  creek  valley  wall  be- 
comes quite  steep.  Relief  in  the  area  of  the  reservoir  ranges 
from  670  to  780  feet. 

The  reservoir  lies  within  the  Till  Plains  section  of  the 
Central  Lowlands  province.  Although  the  area  has  been  glacia- 
ted, the  drift  is  thin  (0  to  30  feet),  and  bedrock  controls 
the  topography.  Bedrock  in  the  area  (fig.  2)  consists  of 
Devonian  and  Silurian  limestone,  and  dolomites  gently  dipping 
15  to  20  feet  per  mile  to  the  southwest  into  the  Illinois 
Basin.  The  geologic  column  of  the  bedrock  is  shown  in  fig.  3. 

Published  records  of  well  drilling  about  5 miles  east 
of  the  reservoir,  in  sec.  17,  T 10  N,  R 7 E,  Bartholomew 
County  show  the  formations  as  follows:  3/ 


Drift  to 

12 

feet 

Fresh  water 

80 

do. 

Limestone 

112 

do. 

Shell  limestone 

5 CO 

do. 

Brown  shale 

853 

do. 

Shell,  Trenton 

855 

do. 

Total  depth 

905 

do. 

In  the  reservoir  area,  Clifty  Creek  has  cut  through  the 
overlying  glacial  drift  and  Devonian  limestone  to  expose  Sil- 
urian limestones  of  Niagaran  age  in  the  floor  of  the  creek 
valley. 


2/  Murray,  II.  II.,  Sedimentation  and  Stratigraphy  of  the  Devonian 
Rocks.  Field  Conference  Guide  Book  No.  8,  1955,  73  PP. 

3/  Logan,  V.’.  N.,  The  Subsurface  Strata  of  Indiana.  Dept,  of 
Geology,  Indiana  Dept,  of  Conservation,  1931,  p.  35. 
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MINERAL  RESOURCES 


Sand  and  Gravel 

Residual  soils,  silt,  and  loess  range  from  0 to  30  feet 
in  depth.  Pleistocene  gravels  were  observed  in  parts  of  the 
creek  bottom.  These  deposits  have  no  particular  commercial 
importance  because  sufficient  supplies  of  sand  and  gravel  are 
available  in  the  more  populous  parts  of  the  surrounding  area. 

The  value  of  sand  and  gravel  deposits  are  determined  by  com- 
mercial usage  and  local  requirements.  Send  and  gravel  pro- 
duced from  pits  in  the  surrounding  area  sells  for  about  $1.00 
per  yard,  washed  and  screened  at  the  pit. 

Limestone 

The  Devonian  and  Silurian  rocks  that  comprise  the  bedrock 
of  the  reservoir  area  are  predominantly  limestones  and  dolomites, 
'.'he  limestones  present  are  not  considered  commercial,  because 
ci  the  great  extent  of  available  limestone  in  the  State.  Lime- 
stone, unless  developed  by  quarries,  has  no  particular  economic 
value.  Surface  land  use  determines  land  value. 

Oil  and  Gas 

The  test  holes  drilled  in  the  reservoir  area  are  plotted 
as  dig-  holes  on  the  State  Geological  Well  Location  nap  of 
Bartholomew  County. 4/  Gas  production  has  come  from  wells  within 
° miles  to  the  east- of  the  reservoir  area.  These  old  wells  pro- 
duced from  the  Trenton  field.  Production  from  the  Trenton  field 
. s been  negligible  for  the  past  40  years. 

Entrapment  of  oil  in  the  Trenton  field  appears  to  be  a 
''unction  of  changing  permeability  and  structural  control.  Oil 
was  found  only  in  the  upper  dolomitized  parts  of  the  Trenton 
limestone  of  Oraivician  age.  In  the  reservoir  area  this  dolo- 
mitic  phase  is  thin  or  absent. 5/ 


4 / Well  Location  Map  of  Bartholomew  County,  Revised  1963.  Indiana 
Dept,  of  Conservation,  Geological  Survey. 

5_/  Gutstadt,  A.  M.,  Cambrian  and  Ordivician  Stratigraphy  and  Oil 
and  Gas  Possibilities  in  Indiana.  Indiana  C-eol.  Survey  Bull. 
No.  14,  p.  97. 
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The  reservoir  area  is  at  the  edge  of  the  old  non-commercial 
home  gas  producing  area  of  the  Trenton  field.  The  possibiliti: s 
of  future  important  gas  production  is  small. 

Evidence  dees  not  support  the  occurrence  of  oil  reserves 
beneath  the  reservoir. 


Coal 

There  is  no  coal  beneath  the  reservoir  area.  The  eastern- 
most extent  of  Pennsylvanian  rocks  is  70  miles  v/est  of  the  re- 
servoir area. 


lab/  river  basin 

REVIEW  OF  MINERAL  RESOURCES,  PATOICA  PISERVOIR, 

DUBOIS,  ORANGE,  CRAWFCRD  COUNTIES,  INDIANA 

By  AT 

L.  F.  Heisingi^ 

GENERAL 

The  Patoka  Reservoir  site  lies  in  eastern  Dubois,  southwestern 
Orange,  and  northwestern  Crawford  County  with  the  dam  site  near 
Ellsworth,  eastern  Dubois  County,  Indiana. 

The  total  drainage  area  above  the  proposed  dam  is  163  square 
miles  with  a reservoir  area  of  11.760  acres  at  a 550-foot  elevation 
spillway  crest.  Settlements  in  the  area  include  the  town  of  Jasper 
and  the  villages  of  Dubois,  Birdseye,  Eckerty,  and  Taswell,  and  a 
number  of  small  settlements. 

Mineral  commodities  produced  from  the  counties  in  which  the 
reservoir  will  be  located  are  (1)  coal,  (2)  clays,  (3)  stone, 

(4)  abrasives,  and  (5)  sand  and  gravel.  Other  mineral  commodities 
produced  within  a 20-mile  radius  of  the  reservoir  are  gypsum  and 
oil . 

Potential  mineral  resources  that  will  be  inundated  by  the 
reservoir  are  limestone,  gypsum,  and  possibly  oil.  As  there  is  no 
production  of  these  commodities  in  the  area  to  be  inundated,  they 
can  be  considered  only  as  a future  potential  resource.  The  lime- 
stone rocks,  unless  developed  by  a quarry,  have  no  special  value 
because  of  the  extent  of  these  rocks  in  the  State  providing  the 
possible  sources.  In  limestone  areas,  the  surfs  c land  use  deter- 
mines land  worth.  Drillings  for  oil  have  indicated  that  gypsum 
beds  underlie  the  reservoir  area;  but  as  there  are  other  areas  in 
the  State  having  large  gypsum  deposits  of  greater  potential,  the 
beds  that  underlie  the  proposed  reservoir,  for  valuation  purposes, 
should  not  be  considered  of  particular  importance.  The  explorations 
for  oil  in  the  immediate  reservoir  area  have  not  been  successful, 
although  there  is  oil  production  in  the  vicinity.  In  view  of  the 
number  of  dry  holes  drilled,  oil  potential  in  the  immediate 
reservoir  area  is  not  considered  significant. 


1/  Supervising  Mining  Engineer,  Area  III  Minerrl  Resource  Office 
Eureau  of  Mines,  Minneapolis,  Minn. 


F?>or:  submitted  Octo’ ...  10,  .963 
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The  specific  relc?tionship  of  the  above  commodities  to  tne 
reservoir  area  will  be  discussed  in  later  sections  of  this  report. 

The  data  contained  in  this  report  is  based  mainly  on  published  and 
unpublished  geologic  reports,  consultation  with  State  Geological 
Survey  personnel,  Bureau  of  Mines  statistical  data,  and  an  on-site 
visit  to  the  reservoir  area. 

The  Patoka  River  occupies  a valley  that  is  broad  in  its  lower 
reaches  (western)  in  comparison  with  most  valleys  in  the  dissected 
upland  area  through  which  the  river  flows.  The  broad  valley  is 
underlain  by  alluvial  and  lacustrine  deposits  that  are  50  to  80  feet 
thick  in  the  vicinity  of  the  dam  site. 

Bedrock  formations  in  the  area  include  several  groups  of  roc. s 
of  Mississippian  age  and  one  group  of  Pennsylvanian  age.  The  Penn- 
sylvanian rocks  are  principally  sandstone  and  shales.  Mississippian 
rocks  include  approximately  equal  amounts  of  sandstones,  shales,  and 
limestone,  mostly  in  beds  of  10  to  30  feet  thick.  The  rocks  dip 
westward  at  about  25  feet  per  mile.  A simplified  stratigraphic  chart 
c£  the  exposed  sedimentary  rocks  in  the  Patoka  River  Basin  is  attached. 


POTENTIAL  RESOURCES 


Limestone 


The  limestones  that  underlie  the  reservoir  area,  unless  they 
are  being  used  commercially,  cannot  be  valued  as  a mineral  resource 
for  lard  value  purposes,  because  of  the  great  extent  of  available 
limestone  formations  within  the  State. 

Crushed  limestone,  agricultural  lime,  and  riprap  are  produced 
by  Mulzer  Bros,  from  a quarry  in  sec.  10,  T.  25,  R.  2 W.  The  lime- 
stone in  this  area  is  about  30  feet  thick,  and  the  top  of  the  lime- 
stone is  at  an  elevation  of  about  620  feet.  This  quarry  is  the  mafer 
producer  of  crushed  limestone  in  the  immediate  area.  The  reservoir 
extent  as  proposed,  at  a 550-foot  elevation,  would  about  reach  this 
quarry.  Minor  protective  measures  would  eliminate  possible  damage  to 
this  industry. 

Gypsum 

There  are  three  major  areas  in  southwestern  Indiana  where 
evaporites  occur.  The  maximum  accumulations  of  these  evaporites 
(gypsum  and  anhydrite)  are  found  in  basins  in  the  following  counties: 
Ciii  in  southwestern  Orange  County,  northern  Spencer  County,  Perry 
' ty,  and  southwestern  Crawford  County;  one  in  central  and  western 
Mu',  tin  County  and  eastern  Daviess  County;  and  one  in  northern  Green 
On.nty,  southwestern  Owen  County  and  southern  Clay  County. 
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The  evaporites  (gypsum  and  anhydrite)  are  found  in  the  lower  ->.rt 
part  of  the  St.  Louis  limestone,  The  lower  part  of  the  St.  Louis 
limestone  ranges  in  thickness  from  100  feet  on  the  east  to  250  feet 
thick  on  the  west  at  the  Indiana-Ill ino is  border  and  from  170  to 
240  feet  in  thickness  in  the  basins  mentioned  above.  There  are 
six  gypsum  and/or  anhydrite  beds  described  in  the  lower  St.  Louis 
limestone.  These  range  in  thickness  from  5 to  25  feet  and  are 
interbedded  with  thin  limestone  layers. 

Gypsum  is  mined  near  Shoals,  Indiana,  by  the  U.  S.  Gypsum 
Company  and  the  National  Gypsum  Company.  National  Gypsum  encount- 
ered the  gypsum  bed  which  is  relatively  flat,  lying  at  500  feet  in 
depth;  and  U.  S.  Gypsum  at  400  feet.  The  gypsum  bed  being  mined 
in  both  cases  ranges  from  14  to  17  feet  thick  and  is  high-grade 
gypsum. 


The  lower  St.  Louis  limestone  in  the  reservoir  area  is  at  least 
200  feet  thick  and  is  estimated  to  contain  about  15  percent  evaporites 
The  evaporite  unit  should  be  encountered  in  the  reservoir  area  at  a 
depth  of  about  400  feet. 

The  limestone  rocks  underlying  the  reservoir  area  would 
normally  contain  large  quantities  of  water.  The  additional  im- 
pounded waters  of  the  reservoir  might  increase  the  difficulty  in 
mining  the  gypsum  beds  below  the  reservoir  area. 

Present  operations  near  Shoals  and  the  other  major  areas  of 
evaporites  listed  above  would  most  likely  be  the  areas  of  future 
gypsum  developments.  The  reservoir  area  has  potential  as  a gypsum 
source,  but  as  present  operations  have  reserves  for  many  decades, 
production  from  this  area  cannot  be  anticipated  in  the  immediate 
future. 

Oil  and  gas 

The  Patoka  Reservoir  will  not  adversely  affect  oil  or  gas 
production,  as  there  are  no  producing  wells  in  the  reservoir  area. 

The  area  has  been  tested  and  a number  of  dry  holes  drilled.  In 
purchasing  the  land  for  reservoir  purposes,  the  lack  of  production 
and  the  number  of  dry  holes  would  indicate  that  probable  future 
production  would  be  limited.  As  there  is  oil  production  in  the 
surrounding  area,  land  owners  would  have  hopes  of  future  oil 
royalties  and  would  value  their  land  accordingly.  The  seriousness 
of  this  problem  in  land  purchasing  can  only  be  determined  in  the 
future  when  land  acquisition  takes  place. 

Oil  production  for  Dubois  County  in  1961  was  37,247  barrels. 

This  production  came  from  the  oil  pools  south  and  southwest  of 
the  reservoir  area. 
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Coal 

The  Pennsylvanian  age  rock  is  the  Raccoon  Creek  group  which  is 
properly  divisible  into  its  formal  parts,  the  Staunton,  Brasil,  and 
Mansfield  formations.  In  the  area  of  the  reservoir  the  coal  beds 
that  mark  the  boundaries  of  these  formations  cannot  be  idaitified 
with  reasonable  certainty,  or  are  not  continuous  enough  to  be  useful 
boundaries.  These  Pennsylvanian  rocks  occupy  only  a minor  number  of 
the  tops  of  ridges  in  the  reservoir  area  and  therefore  would  not  be 
inundated  by  reservoir  waters. 

The  coal  fields  of  Indiana  are  on  the  eastern  side  of  the  eastern 
interior  coal  basin.  This  large  basin  underlies  the  southwestern 
fifth  of  Indiana,  part  of  northwestern  Kentucky,  and  a large  part  of 
Illinois.  The  Indiana  coal  fields  occupy  an  area  approximately  6,500 
square  miles  in  extent.  The  coal-bearing  area  is  broad  in  its  southern 
extent,  with  a maximum  with  a maximum  width  of  approximately  60  miles, 
and  wedges  out  to  the  north  in  the  southern  part  of  Benton  County;  a 
north-south  length  of  200  miles.  Most  of  the  coal  area  in  Indiana  is 
drained  by  the  Wabash  River  and  its  tributaries. 

The  coal  of  commercial  value  in  the  Indiana  coal  field  is  in 
rocks  of  Pennsylvanian  age.  In  the  area  of  the  reservoir  site,  Pennsyl- 
vanian rocks  occupy  only  the  tops  of  the  ridges,  as  the  site  area  is 
the  eastern  extent  of  the  coal  basin  rocks.  In  the  reservoir  site 
area  the  coal  is  thin  or  absent.  No  commercial  coal  mining  has 
been  done,  and  the  only  mining  of  coal  has  been  by  farmers  mining 
small  seams  on  their  property  for  their  own  use. 


MINERAL  PRODUCTION 

Mineral  production  in  Dubois  County  has  been  declining,  mainly 
d.e  to  decreased  coal  production.  Value  of  mineral  production, 
except  oil  and  natural  gas,  in  1962  was  $66,000,  Production  con- 
sisted mainly  of  coal,  clay,  and  sand  and  gravel.  It  is  expected 
that  this  total  will  be  lower  in  1963  due  to  further  reduction  in 
ctal  production  in  the  vicinity  of  Huntingburg.  Three  underground 
coal  mines  operated  during  1962,  but  the  strip  coal  mine  of  Hasenour 
S Sternberg  did  not  operate.  Fire  clay  was  mined  near  Huntingburg 
^cc  use  in  fire  brick,  pottery,  and  stoneware.  Fill  sand  was  pro- 
duced near  Potterville.  Oil  production  in  1962  was  37,247  barrels 
from  areas  south  and  southwest  of  the  reservoir  site.  A total  of 
‘7  drill  holes  were  drilled  in  search  of  oil  and  gas  in  Dubois 
County  in  1962. 
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Mineral  production  value  in  Crawford  County  in  1960  and  1961 
was  about  $600,000.  In  1962  the  value  of  production  declined.  Ly- 
Rock  Products  Co.  operated  an  underground  limestone  quarry  at 
Marengo.  Mulzer  Bros,  operated  the  Eckerty  Quarry.  Actual  produc- 
tion in  value  figures  cannot  he  given,  due  to  confidentiality  of  the 
data  since  there  are  only  two  operating  companies.  The  crushed 
stone  produced  v/as  used  for  riprap,  ballast,  road  material,  and 
agricultural  purposes. 

Minerals  produced  in  Orange  County  in  1962  were  valued  at 
v'49 3,354.  \7het stones  were  manufactured  by  Ilindestan  Whetstone  Co. 
from  sandstone  quarried  near  Orleans.  These  deposits  of  fine- 
grained sandstone  have  yielded  material  for  whetstones  and  other 
abrasives  for  160  years.  As  early  as  the  1820's  the  finished  stones 
were  shipped  by  flatboat  to  Net;  Orleans  via  the  V'hite,  V/ abash,  Ohio, 
and  Mississippi  Rivers,  and  thence  to  markets  abroad.  Limestone 
quarries  and  crushing  plants  were  operated  at  French  Lick,  Orleans, 
and  Paoli. 


CONCLUSIONS 

The  Patoka  Reservoir  will  net  affect  current  mineral  production 
of  the  area  adversely.  Negotiations  for  land  purchase  may  be  af- 
fected by  the  existence  of  gypsum  deposits  underlying  the  reservoir 
area  and  by  land  owners'  hopes  for  future  oil  and  gas  discoveries. 
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STRATIGRAPHIC  CHART  OF  E3CFOSED  SEDIMENTARY  ROCKS,  PATOKA  RESERVOIR  AREA 
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Staunton  Fm. 
Brazil  Fm. 
Mansfield  Fm. 

Mississippian 

Unnamed 

Menard  Ls. 
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Vienna  Ls. 

Tars  Springs  Fm, 

Stephensport 

Glen  Dean  Ls. 
Ilardinsburg  Fm. 
Golconda  Ls. 

Big  Clifty  Fm. 
Beech  Creelc  Ls. 

\7est  Baden 

Elv.-ren  Fm. 
Reelsville  Ls. 
Sample  Fm. 
Beaver  Bend  Ls. 
Bethel  Fm. 

Blue  River 

Paoli  Ls. 

Ste.  Genevieve 
St.  Louis  Ls. 
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I.  INTRODUCTION 


Authority 

The  District  Engineer,  Corps  of  Engineers,  Louisville,  Kentucky,  by 
letter  dated  August  20,  1963,  requested  the  U.  S.  Public  Health  Service  to 
furnish  "...  information  in  accordance  with  the  work  plan  now  under  negoti- 
ation for  your  studies  for  the  Wabash  River  Basin  Comprehensive  Study  . . . ." 
The  letter  transmitted  Arca-Canacity  data  for  the  proposed  Lincoln  Reservoir  on 
Embarrass  River  as  well  as  other  pertinent  data  and  further  indicated  that  a 
k‘;-her  seasonal  pool  could  be  attained  if  significant  advantage  could  be  gained. 

Authority  to  conduct  such  studies  is  provided  in  the  Federal  Water 
Ty>: 1 ;t ion  Control  Act  (Public  Law  QU-660  as  amended  by  Public  Law  87-80  in 
) and  in  the  Memorandum  of  Agreement  dated  November  4,  1958,  between  the 
: ■ " vent  of  the  Array  and  the  Department  of  Health,  Education,  and  Welfare , 

relative  to  the  Water  Supply  Act  of  1950  (Title  III  of  Public  Law  85-500  as 
amended  by  Public  Law  87-08) . 

Purpose  and  Scone 

This  report  provides  a preliminary  evaluation  of  municipal  and 
industrial  water  supply  and  surface  water  quality  control  needs  for  the  years 
1976  and  2010  for  the  Embarrass  River  Basin,  and  the  need  for  and  value  of 
water  storage  in  the  nroposed  Lincoln  Reservoir  for  regulation  of  Embarrass 
River  flow  to  meet  these  needs. 

The  Embarrass  River  Basin  lies  within  the  Counties  of  Champaign, 

Clark,  Coles,  Crawford,  Cumberland,  Douglas,  Edgar,  Effingham,  Jasper,  Lawrence 
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Richland,  and  Vermilion  in  the  southeastern  portion  of  the  central  part  of 
Illinois. 
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II.  SUMMARY  AND  CONCLUSIONS 

Sunnary 

1.  The  proposed  Lincoln  Reservoir  site  is  in  the  upper  reaches  of 
Embarrass  River  Basin  and  in  the  eastern-central  portion  of  the  State  of 
Illinois.  The  proposed  dam  site  is  in  Cumberland  County,  approximately  nine 
miles  south  of  the  City  of  Charleston,  Illinois. 

2.  The  quantity  and  water  quality  of  flows  in  the  Embarrass  River 
directly  affect  the  communities  and  surrounding  areas  of  Charleston,  Newton 
and  Lawrenceville , and  may  affect  the  City  of  Mattoon.  The  above  communities 
are  situated  on  or  near  the  Embarrass  River  in  the  Counties  of  Coles,  Cumberland, 
Jasper,  and  Lawrence  (See  Figure  I) . 

3*  Charleston  and  Mattoor.  are  the  greatest  water  consuming  communities 
along  the  river  and  also  discharge  the  greatest  municipal  waste  loads  into  the 
river.  Lawrenceville  which  is  situated  about  eight  miles  from  the  mouth  of  the 
Embarrass  River  is  a significant  user  of  water  supplied  from  a well  field.  The 
area  surrounding  Lawrenceville  has  a number  of  oil  fields  and  an  oil  refinery. 
Information  available  at  this  time  indicates  that  the  oil  industry  discharges 
wastes  into  the  river  to  the  extent  that  the  water  quality  in  the  river. 

h . Estimates  of  storage  for  regulation  of  streamflow  for  the  purpose 
of  quality  control  arc  based  upon  the  assumption  that  adequate  treatment  will 
be  provided  for  all  wastes. 

Conclusions 

1.  It  is  expected  that  the  urban  population  of  the  Embarrass  River 
Basin  areas  including  the  Cities  of  Charleston,  Lawrenceville , Mattoon,  and 


1 

I 

Newton  vrill  increase  from  about  48,000  in  i960  to  about  96,000  by  the  year 
2010.  Of  these  population  totals,  the  Cities  of  Charleston  and  Mattoon 
which  combined  had  a population  of  about  31,000  in  i960  are  expected  to  have 
a population  of  about  63,000  by  the  year  2010. 

2.  It  is  anticipated  that  the  Communities  of  Charleston  and  Mattoon 
may  need  an  additional  water  supply  for  industrial  uses  ranging  from  0.7  to 
1.5  mgd  (million  gallons  per  day)  by  the  year  1976  and  an  additional  supply 
ranging  from  4.4  to  6.9  mgd  for  municipal  and  industrial  purposes  by  the  year 
2010.  This  additional  need  can  be  supplied  most  economically  from  the  proposed 
multi-purpose  Lincoln  Reservoir. 

3.  The  Community  of  Newton  will  need  a dependable  river  flow  ranging 
from  1.2  to  1.5  mgd  by  the  year  1976  and  from  2.4  to  2.8  mgd  by  the  year  2010. 

4.  The  additional  needs  of  small  communities  that  arc  now  using  water 
supplies  from  wells  downstream  from  the  proposed  Lincoln  Reservoir  site  can  be 
met  by  increasing  the  well  field  yield.  The  Lavrrenceville  area  will  need  an 
additional  0.2  to  0.8  mgd  in  maximum  dependable  yield  by  the  year  2010.  This 
additional  yield  seems  to  be  within  the  capacity  of  the  ground  water  aquifer. 

5.  Water  for  quality  control  could  be  released  from  the  proposed 
Lincoln  Reservoir  in  an  amount  equivalent  to  an  annual  draft  on  storage  which 
could  be  provided  by  an  impounding  reservoir  of  5,400  acre -feet.  This  release 
could  maintain  a minimum  flow  of  21  cfs  (cubic  feet  per  second)  which  is  believed 
reasonable  because  minimum  releases  will  be  hold  constant  for  a prolonged 
period  of  time.  Consequently,  the  communities  downstream  will  be  deprived  of 
the  periodic  small  rises  which  would  normally  be  available  to  the  downstream  users. 
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6.  Approximately  20  acre -feet  of  annual  draft  on  storage  would  be 
required  to  give  a dependable  river  flow  adequate  for  water  supply  needs  at 
Newton  of  about  2.8  mgd.  Newton's  water  supply  needs  could  be  taken  from  the 
release  of  21  cfs  leaving  sufficient  water  downstream  to  assimilate  Newton's 
adequately  treated  wastes. 

7.  A more  detailed  study  is  necessary  to  determine  needs  and  assess 
benefits  of  storage  for  streamflow  regulation  for  water  quality  control  in  the 
Lawrenceville  area. 

8.  The  proposed  Lincoln  Reservoir  will  afford  benefits  having  a minimum 
value  at  least  equal  to  the  cost  of  building  two  single -purpose  reservoirs  for 
water  supply  for  Charleston  and  Mattoon  of  3,500  acre-feet  and  1,700  acre-feet, 
respectively.  It  would  also  provide  benefits  for  water  quality  control  with  a 
value  equivalent  to  the  cost  of  constructing  a single -purpose  reservoir  having 

a capacity  of  5,^00  acre- feet  upstream  from  Charleston.  The  value  of  these 
estimated  benefits  from  water  supply  would  be  $1,300,000  for  Charleston  and 
$550,000  for  Ilattoon  or  about  $79,000  and  $10,000,  respectively,  per  year.  The 
value  of  benefit  from  water  quality  would  be  $1,600,000  or  about  $00, 000 
annually.  The  total  benefit  would  be  about  $3,^50,000  in  terms  of  1963  dollars 
or  about  $169,000  per  year. 
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III.  DESCRIPTION  OF  PROJECT 


Location 

The  reservoir  site  presently  under  study  by  the  Corps  of  Engineers  is 
in  Cumberland,  Coles  and  Douglas  Counties,  Illinois,  in  the  upper  reaches  of 
the  Embarrass  River  Basin.  The  proposed  dam  site  is  approximately  103  miles 
above  the  mouth  of  the  river  and  about  a third  of  a mile  south  of  the  Coles- 
Cumberland  County  Line  (Dee  Figure  I) . 

Streamflow 

1 

The  average  discharge  of  the  Embarrass  River  at  St.  Marie  based  upon 
51  years  of  record  is  1,210  cubic  feet  per  second  (cfs)  for  a 1,513  square 
mile  drainage  area.  Maximum  and  minimum  mean  monthly  flows  have  been  about 
11,500  cfs  and  4.4  cfs,  respectively.  The  minimum  daily  discharge  with  a 
once-in-30-year  occurrence  is  about  1.3  cfs  and  the  minimum  daily  discharge 
experienced  during  51  years  of  record  was  1 cfs.  The  minimum  7-d.ay  average 
discharge  with  a once-in-5-year  occurrence  interval  is  about  21  cfs. 

Water  Quality 

Water  quality  data  have  been  collected  by  the  Illinois  Department  of 
Public  Health,  Division  of  Sanitary  Engineering,  at  various  sampling  sites 
along  the  Embarrass  River  (See  Figure II) . Table  1 gives  the  results  obtained 
from  samples  taken  at  river  monitoring  stations  at  crossings  of  State  Roads  l6 
and  130  over  the  Embarrass  River.  These  results  reflect  the  quality  of  water 
that  may  be  expected  to  enter  the  Lincoln  Reservoir  upstream  from  Kickapoo 
Creek. 
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STATION  NO.  6 


I STATION  NO 


CHARLESTON 


MATOOII 


PROPOSED 
DAM  SITE 


GREENUP 


STATION  NO 


STATION  NO.  1+ 


STATION  NO.  2 


STATION  NO.  7 


:renceville 


STATION  NO.  1 


LINCOLN  RESERVOIR  REPORT 


WATER  QUALITY  MONITORING  STATION 


DEPARTURE?  01'  I IE,"  JAR,  EDUCATION, 
AND  WEI  RARE 
PUBLIC  HEALTH  SERVICE 
OHIO  RIVER  BASIN  PROJECT 
EVANSVILLE.  INDIANA  FIELD  STATION 


FIGURE  II 


Water  Quality  Results* 
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*Fronv  unpublished  data  furnished  by  Illinois  Department  of  Public  Health,  Division  of  Sanitary 
Engineering. 


The  Cities  of  Mattoon  and  Charleston  discharge  treated  wastes  into 


* 


i 
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Kickapoo  Creek  or  its  tributaries  and  these  communities  are  expected  to 
provide  adequate  treatment  to  their  wastes.  Even  so,  the  recreational  value 
of  the  portion  of  the  reservoir  extending  up  Kickapoo  Creek  may  be  decreased 
because  of  an  aesthetic  barrier  involved. 


Pertinent  Data 

For  study  purposes  a minimum  pool  tentatively  selected  by  the  Corps  of 
Engineers  would  provide  61,315  acre-feet  and  a seasonal  pool  would  store  a 
total  of  126,765  acre-feet  of  water.  These  storage  volumes  would  be  achieved 
at  elevations  584  feet  and  598  feet  for  minimum  and  seasonal  pools,  respectively. 


I 
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IV.  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

The  Embarrass  River  Basin  is  located  in  the  southeastern  portion  of  the 
central  part  of  Illinois  and  lies  generally  in  a north  and  south  direction  with 
the  lower  portion  of  the  basin  lying  in  a northwesterly  and  southeasterly 
direction  (See  Figure  i) . The  Embarrass  River,  which  rises  near  the  city 
limits  of  Urbana,  drains  an  area  of  2,438  square  miles  in  parts  of  twelve 
counties:  Champaign,  Clark,  Coles,  Crawford,  Cumberland,  Douglas,  Edgar, 

Effingham,  Jasper,  Lawrence,  Richland,  and  Vermilion.  The  main  stem  of  the 
Embarrass  is  approximately  130  miles  long  and  discharges  into  the  Wabash  River 
about  6 miles  downstream  from  Vincennes,  Indiana.  The  basin  is  comparatively 
long  and  narrow.  The  two  principal  tributaries  tend  to  broaden  the  basin 
somewhat  but  because  they  each  follow  a course  generally  parallel  to  the  main 
stem  the  effect  is  minimized. 

Muddy  Creek  with  a drainage  area  of  213  square  miles  has  its  source 
about  8 miles  southwest  of  Charleston  and  enters  the  Embarrass  River  about 
6 miles  southwest  of  Greenup. 

North  Fork  Embarrass  River  drains  an  area  of  361  square  miles.  It 
flows  from  a point  near  Kansas,  Illinois,  in  a southerly  direction  and  enters 
the  Embarrass  River  about  10  miles  south  and  somewhat  west  of  Oblong. 

Geography 

, 

Originating  in  the  rolling  ridges  of  southern  C'namnaign  County,  the 
Embarrass  River  flows  out  onto  the  nearly  level  prairies  of  northern  Douglas 
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County.  Here  the  Embarrass  River  flows  as  a sluggish  prairie  stream  meandering 
across  the  level  uplands.  In  this  area  many  channelized  tributaries  form  the 
outlets  for  the  numerous  drainage  districts  which  maintain  surface  ditches  and 
tile  lines  to  remove  the  excess  water  from  several  hundred  thousand  acres  of 
highly  productive  farmland.  Wear  the  Coles-Douglas  County  Line  the  river  drops 
abruptly  into  a gorge  and  follows  this  steep-walled,  v-shaped  valley  southward 
to  about  Charleston,  Illinois.  For  about  45  miles  the  Embarrass  River  flows  at 
the  bottom  of  a steep-walled  gorge  50  to  70  feet  below  the  adjacent  upland. 

Near  the  Coles-Cumberland  County  Line,  the  river  flowing  in  a preglacial  channel, 
occupies  a broad  flat-bottomed  valley  with  steep  valley  walls  rising  sharply  to 
the  upland.  Throughout  its  course,  the  Embarrass  River  occupies  a sharply  defined 
valley. 

Climate 

Temperature  in  the  basin,  based  upon  30  years  of  record  during  the  period 
1931  through  i960,  ranges  from  a mean  annual  temperature  of  52.7  degrees  at 
Urbana,  53*6  degrees  at  Charleston,  and  56.2  degrees  at  Vincennes,  Indiana.  For 
the  same  period  of  record,  the  mean  monthly  low  was  about  28  degrees  for  the 
month  of  January  and  the  mean  monthly  high  was  about  78  degrees  for  the  month 
of  July. 


Precipitation  in  the  basin  is  as  follows:  mean  annual  precipitation 

for  Urbana  is  37  inches,  for  Charleston  38.6  inches,  and  for  Vincennes  36.7 
inches.  The  mean  annual  precipitation  for  the  entire  Embarrass  Basin  is 
approximately  38  inches. 


Principal  Communities  and  Industries 


The  principal  communities  located  in  the  Embarrass  River  Basin  are: 
Casey,  Charleston,  Lawrenceville,  Mattoon,  Newton,  and  Tuscola.  ' The  City  of 
Mattoon  is  on  the  watershed  boundary  with  sections  of  the  community  draining 
into  the  Little  Wabash  River;  however,  the  city's  treated  sewage  is  discharged 
into  Kickapoo  Creek,  a tributary  to  the  Embarrass  River. 

Charleston  and  Mattoon  have  machinery  manufacturing  plants.  An  oil 
refinery  is  located  at  Lawrenceville,  and  Newton  has  a uniform  manufacturing 
plant.  Each  community  serves  as  a commercial  center  for  the  surrounding 
agricultural  area  but  the  basin  has  not  experienced  significant  industrial 
growth . 
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V.  ECONOMY 


Present  Economy 

Area  Included 

The  area  of  influence  of  the  proposed  Lincoln  Reservoir  Project 
covers  2,164  square  miles  and  five  counties  in  southeastern  Illinois, 
i.e.,  Coles,  Cumberland,  Jasper,  Crawford,  and  Lawrence. 

Agriculture 

Farming  occupies  a relatively  prominent  role  in  the  economy  of  the 
study  area.  In  manpower  the  agricultural  industry  engaged  6,334  workers 
and  accounted  for  16.1  percent  of  the  labor  force  in  1960. 

Even  though  the  number  of  farms  has  declined  since  1939,  the  har- 
vested acreage  has  increased  by  12  percent  and  the  value  of  farm  products 
sold  has  nearly  doubled. 


i 


1939 

1959 


Agricultural  Trends  in  the 
Five-County  Area 
1939-1959 

Farms  Acres  Harvested 

9,857  640,409 

6,365  797,937 


Farm  Products  Sold 
$ 26,339,943 

$ 50,345,923 


Expressed  in  constant  1959  dollars 


t . 
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Mineral  Industries 


The  mineral  wealth  in  the  basin  consists  of  petroleum,  stone,  sand, 
and  gravel  (See  Table  2).  Lawrence  County  produced  7,569,000  barrels  of 
crude  petroleum  in  1960  representing  10  percent  of  the  state  total  out- 
put. The  annual  value  of  mineral  output  approximates  $29,000,000  for 
the  study  area.  This  amount  represents  about  5 percent  of  the  total 
mineral  activities  for  the  state  of  Illinois.  Employment  data  for  the 
mineral  activities  hardly  changed  from  1950  to  1960.  There  were  1,222 
employed  representing  3 percent  of  the  state  total  mineral  industries  em- 
ployment in  1960. 


Table  2 

Summary  of  Mineral  Production  in  Study  Area  * 


Location 

Minerals 

Value 

Coles  County  (1960) 

Stone,  sand,  gravel 

$ 790,000 

Crawford  (1960) 

Sand,  gravel 

136,000 

Cumberland  (1959) 

Sand,  gravel 

125,000 

Lawrence  (1960) 

Sand,  gravel 

238,000 

Sub 

Total 

$ 1,289,000 

Coles  County  (1958) 

Crude  petroleum, 
natural  gas 

$ 1,424,000 

Crawford  (1958) 

Crude  petroleum, 
natural  gas 

9,251,000 

Cumberland  (1958) 

Crude  petroleum, 
natural  gas 

2,075,000 

Lawrence  (1958) 

CiBtdsa^ejr,a©leum, 

natural  gas 

15,036,000 

Sub 

Total 

$27,786,000 

Grand  Total 

$29,075,000 

* Sources : Mineral*  Year  Book  1961,  Volume  III,  Area  Reports 

Censua  of  Mineral  Industries  1958,  Volume  II,  Area  Statistics 
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Manuf ac  tur ing 

Manufacturing  employed  7,336  workers,  representing  18.6  percent  of 

the  labor  force  in  1960.  In  contrast,  manufacturing  employment  in  1950 

was  15  percent  with  6,118  workers.  Between  1954  and  1958  value  added  by 
y<r 

manufacture  advanced  nearly  50  percent,  growing  from  §43,097,000  in 
1954  to  §63,937,000  by  1958. 

The  manufacturing  base  of  the  study  area  is  diversified  in  character. 
Table  3 lists  manufacturing  plants  by  major  industrial  category  with  ranges 
of  employment.  Of  the  129  plants  operating  in  1958,  65  percent  had  fewer 
than  20  employees.  Only  .7  percent  registered  more  than  250  employees. 

Ohio  Oil  Company  in  Robinson  with  633  employees  in  i960  had  the  largest 
employment  force.  In  terms  of  plant  establishments,  the  ranking  industries 
are  food  processing  and  printing  and  publishing.  However,  in  terms  of  over- 
all measured  employment  according  to  1960  data,  the  leading  industry  was  the 
electrical  machinery  industry  with  890  employees,  followed  closely  by  the 
non-electrical  machinery  industry  totaling  778  employees,  while  food  process- 
ing accounted  for  616  workers. 

Table  4 summarizes  the  manufacturing  plant  information  in  each  county 
and  indicates  the  possible  high  water  intake  plants  and  potential  waste  pro- 
ducers. All  plants  are  included  which  had  over  100  employees  and  whose 
4-digit  Standard  Industrial  Classification  code  industry  is  included  in  the 


Data  on  value  added  by  manufacture  for  Lawrence  County  were  not  disclosed 
for  either  1954  or  1958. 

Expressed  in  constant  1958  dollars 
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Table  3 


Number  and  Employment  Size  of  Manufacturing  Plants 

Study  Area 
1938 


E_ 

M P L 0 Y E E 

_S 

Sl.zl*± 

(20-99) 

(100-249) 

(250-over) 

Total 

Food  & Kindred  Products 

15 

7 

1 

23 

Tobacco  Products 

Textile  Mill  Products 

Apparel  & Related  Products 

5 

1 

3 

9 

Lumber  & Wood  Products 

9 

3 

1 

13 

Furniture  & Fixtures 

1 

1 

1 

3 

Paper  & Allied  Products 

5 

5 

Printing  & Publishing 

16 

2 

18 

Chemical  & Allied  Products 

3 

3 

Petroleum  & Coal  Products 

3 

1 

1 

1 

6 

Rubber  & Plastic  Products 

Leather  & Leather  Products 

1 

2 

1 

3 

7 

Stone,  Clay,  Glass  Products 

9 

1 

10 

Primary  Metals 

2 

2 

Fabricated  Metals 

2 

2 

4 

Non-Electric  Machinery 

5 

4 

1 

1 

11 

Electric  Machinery 

1 

1 

2 

Transportation  Equipment 

1 

1 

£ 

Instruments  & Related  Products 

2 

2 

Miscellaneous 

7 

3 

10 

Total 

84 

29 

7 

9 

129 
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Summary  of  Manufacturing  ”lants  by  Counties,  1958 


58  Plants 


7 with  over  100  Employees 

COLES 

COUNTY 

High  Water  Intake 

Plants 

** 

National  Average  Water  In- 

SIC 

Industry 

Number 

Employment 

take  per  Employee  per  Year 

Code 

Description 

Plants 

Range 

Gallons 

1 

3569 

Gen.  Industry  Machinery 

1 

100-249 

145,000 

3531 

Construction  Machinery 

1 

250-499 

105,000 

t 

3641 

Electric  Lamps 

1 

250-499 

106,000 

Potential 

Waste  Producers 

|f* ** 

2011 

Meat  Packing 

2 

1-19 

2011 

Meat  Packing 

1 

20-49 

2022 

Natural  Cheese 

1 

1-19 

12 

Plants 

2 over 

100  Employees 

CUMBERLAND  COUNTY 

No  High  Water  Intake 

Plants 

26 

Plants 

4 over 

100  Employees 

■ 

CRAWFORD  COUNTY 

High  Water  Intake 

Plants 

2071 

Confectionery  Products 

1 

250-499 

666,000 

2911 

Petroleum  Refining 

1 

500-999 

9,727,000 

3261 

Vitreous  Plumb. 

Fixtures 

1 

250-499 

229,000 

3271, 

Ready  Mix  Concrete 

3 

1-19 

1,386,000 

2,  3 

K 

■ 

Potential 

Waste  Producers 

2015  Poultry  Dress.  Plants  1 1-19 

2024  Ice  Cream  & Freez.  Deserts  1 1-19 


14  Plants 

2 over  100  Employees 

JASPER  COUNTY  No  High  Water  Intake  Plants 


LAWRENCE  COUNTY 


19  Plants 

1 over  100  Employees 


2911 

Petroleum  Refining 

1 

500-999 

9,727,000 

2952 

Asphalt  Felt  & Coatings 

1 

50-99 

1,406,000 

3271-2 

Concrete  Mix 

2 

1-19 

1,386,000 

Potential 

Waste 

Producers 

2011 

Meat  Packing  Plants 

1 

1-19 

2015 

Poultry  Dress.  Plants 

1 

1-19 

* 1958  Census  of  Manufactures 

**  Standard  Industrial  Classification 


I 

. 

* 


listing  of  industries  with  an  intake  of  over  20  million  gallons  per  year 
in  the  Industrial  Water  Use  Survey,  1958  Census  of  Manufactures.  Plants 
with  fewer  than  100  employees  are  listed  only  if  the  industrial  water  in- 
take per  employee  for  their  SIC  categories  is  very  high  as  shown  in  the 
Table. 

Transportation 

Since  the  Embarrass  River  is  not  commercially  navigable  at  the 
present  time,  no  river  transportation  is  found  in  the  basin.  The  area 
is  serviced  by  only  one  airline,  the  Ozark,  which  provides  short  hauls 
to  cities  having  multiple-line  service.  Four  railways  (New  York  Central, 
Nickel  Plate  Road,  Illinois  Central,  and  the  Baltimore  & Ohio)  accommo- 
date passenger  travel  and  carry  freight  loads  to  all  major  commercial 
centers.  Unhampered  accessibility  to  all  areas  within  the  basin  results 
from  two  highways  (U.S.  45  and  State  Route  1)  crossing  the  basin  in  the 
north-south  direction  and  four  highways  (U.S.  40,  U.S.  50,  and  State 
Route  16)  running  east-west.  Interstate  Highway  70  will  cross  the  basin 
when  completed.  Intrastate  as  well  as  interstate  trucking  facilities 
insure  the  rapid  transport  of  both  import  and  export  goods. 

Income 

The  per  capita  cash  income  in  the  study  area  in  1959  was  $1,595 
as  compared  to  the  state  per  capita  cash  income  of  $2,181,  and  $1,849 
for  the  Nation.  Average  median  family  income  in  the  study  area  had 
risen  from  $2,594  in  1950  to  $4,513  in  1960,  an  increase  of  74  per- 
cent. During  the  same  period  the  state  median  family  income  increased 
from  $3,627  to  $6,566,  an  increase  of  81  percent.  These  figures  indicate 
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that  the  study  area  is  behind  the  state  both  in  value  of  income  and  rate 

1 

of  increase.  However,  because  of  the  rural  nature  of  the  study  area  and 
possibility  of  income  in  the  form  of  farm  products,  the  real  income  may 
compare  somewhat  more  favorably  with  the  state  average  than  is  indicated. 

Population 

The  population  in  the  five  counties  has  remained  stable  during  the 
thirty-year  period  1930-1960.  Population  in  1960  numbered  103,433  which 
is  nearly  unchanged  from  the  population  mark  of  103,513  recorded  in  1930. 

The  area's  population  comprised  1.02  percent  of  Illinois'  population  in 
1960.  Urban  population  stood  at  45,212  in  1960  and  composed  44  percent 
of  all  population,  while  rural-farm  and  rural  non-farm  population  totaled 
58,221  and  represented  56  percent  of  the  area's  population.  The  five- 
county  area  is  considerably  less  urbanized  than  either  the  state  of  Illinois 
or  the  Nation.  Illinois  was  80  percent  urbanized  and  the  United  States  was 
70  percent  urbanized  in  1960. 

There  are  only  five  cities  in  the  area:  Charleston,  Mattoon,  Robin- 

son, Lawrenceville , and  Newton.  The  largest  is  Mattoon  whose  population 
; in  1960  was  19,088. 

Projected  Economy 

Projections  of  the  economy  of  the  Lincoln  Reservoir  Project  area  of 
influence  were  derived  from  determining  historical  trend  relationships 
between  the  study  area  and  the  state,  and  projecting  those  relationships 
using  as  the  basis  projections  for  the  state  prepared  by  the  National 

Planning  Association,  Washington,  D.  C.  Past  trends  were  modified  in 
I v- . • 

accordance  with  judgment  based  on  additional  information.  These  pro- 
jections may  be  modified,  if  necessary,  upon  receipt  of  the  Arthur  D. 
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Little  Company,  Inc.  report  of  the  Economic  Base  Study  of  the  Ohio  River 
Basin. 
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Employment  Projections 

Projected  employment  is  given  in  Table  5.  Agriculture  and  mining 

will  continue  to  undergo  downturns  in  employment  as  technical  advances 

* 

increase  productivity.  The  non-commodity  industries  are  expected  to 
continue  to  gain  greater  shares  of  the  labor  force.  Manufacturing  is 
projected  to  share  a lesser  percentage  of  the  labor  force  in  1976-- 
18.3  percent--  compared  to  its  percentage  share  of  18.6  in  1960.  The 
manufacture  of  electrical  machinery  will  probably  continue  to  lead  ir 
employment  and  non-electrical  machine  production  will  be  next  in  impor- 
tance. 

Population  Projections 

Population,  as  related  to  expected  patterns  in  state  and  national 
growth,  is  projected  to  vary  from  its  stable  path  of  the  past  and  to  reach 
125,000  by  1976,  and  an  estimated  level  of  180,000  in  the  year  2010  (See 
Table  6 and  Figure  III).  Separate  projections  for  townships  and  inclusive 
urban  centers  reveal  an  upward  and  moderate  picture  of  population  growth. 


Transportation-Communication-Utilities,  Trade,  Finance,  Services,  and 
Government 
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Historical  and  Projected  Employment 
Study  Area 


1950 

7»  of  CEa 

1960 

% of  CEa 

1976 

1 of  CE 

Total  Civilian  Employment 

40,809 

100.0 

39,328 

100.0 

48,680 

100.0 

Agricul ture 

9,356 

22.9 

6,334 

16.1 

4,020 

8.3 

Mining 

1,244 

3.1 

1,222 

3.1 

850 

1.7 

Construction 

2,619 

6.4 

2,316 

5.9 

3,700 

7.6 

Transportation-Cam. - 
Utilities 

3,928 

9.6 

3,215 

8.2 

3,800 

7.8 

Trade 

7,457 

18.3 

7,964 

20.3 

10,300 

21.2 

Finance 

827 

2.0 

1,045 

2.7 

1,500 

3.1 

Services 

6,378 

15.6 

5,903 

15.0 

10,000 

20.5 

Government 

2,882 

7.1 

4,003 

10.1 

5,600 

11.5 

Manufac  turing 

6,118 

15.0 

7,336 

18.6 

8,910 

18.3 

Furniture-Wood-Lumber 

838 

2.1 

616 

1.5 

600 

1.2 

Primary  Metals 

101 

.2 

117 

.3 

120 

.2 

Fabricated  Metals 

303 

.7 

165 

.4 

220 

.5 

Non-Electric  Machinery 

254 

.6 

778 

2.0 

1,000 

2.1 

Electric  Machinery 

259 

.6 

890 

2.2 

1,800 

3.7 

Transportation  Equipment 

42 

.1 

30 

.1 

50 

.1 

Other  Durables 

727 

1.8 

651 

1.6 

750 

1.5 

Food 

621 

1.5 

591 

1.5 

600 

1.2 

Textiles 

71 

.2 

78 

.2 

10 

Apparels 

377 

.9 

580 

1.5 

400 

.8 

Printing 

287 

.7 

339 

.9 

460 

.9 

Chemicals 

92 

.2 

459 

1.2 

600 

1.2 

Other  Non-Durables 

2,146 

5.3 

2,042 

5.2 

2,300 

4.7 

a 


Civilian  Employment 


Table  6 


Historical  and  Projected  Population 
Study  Area 


1950 

1960 

1976 

2010 

State  of  Illinois 

8.7  Mil. 

10.1  Mil. 

13.0  Mil. 

21.0  Mil 

Study  Area 

(Coles,  Crawford,  Cumberland,  Jasper, 
Lawrence  Counties) 

104,766 

103,433 

125,000 

180,000 

Coles  County 

Charleston  Township  (Incl.  Charles- 
ton) 

Charleston  Only 

10,713 

9,164 

11,924 

10,505 

20,000 

18,000 

28,000 

25,000 

Hattoon  Township  (Incl.  Mattoon) 
Mattoon  Only 

17,906 

17,547 

19,138 

19,088 

26,000 

24,000 

35.000 

31.000 

Crawford  County 

Robinson  Township  (Incl.  Robinson) 
Robinson  Only 

8,130 

6,407 

9,056 

7,226 

12,500 

9,500 

20,000 

16,000 

Jasper  County 

Wade  Township  (Incl.  Newton) 
Newton  Only 

4,270 

2,780 

4,269 

2,901 

6.500 

4.500 

9,500 

7,200 

Lawrence  County  ^ 

Lawrenceville  Area  (Incl.  Lawrence- 
ville) 

Lawrenceville  Only 

13,103 

6,328 

12,288 

5,492 

15,000 

7,000 

24.000 

10.000 

This  area  includes  Lawrenceville,  Bridgeport,  and  Christy  Townships. 
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VT . WATER  REQUIREMENTS 


As  the  population  increases  and  industrial  growth  occurs , greater 
demands  will  be  made  for  water.  Hence,  the  growth  projected  in  the  preceding 
section  supports  projections  of  seasonal  water  needs.  Water  uses  by  certain 
industries  are  shown  in  Table  2. 

Past  and  Present  Water  Use 

Municipal 

Water  use  by  the  municipalities  in  the  basin  or  within  its  influence 
2 

is  given  in  Table  7. 

Industrial 

The  major  portion  of  industrial  needs  for  water  in  the  Embarrass  River 
Basin  are  served  from  the  municipal  supplies. 

Existing  Sources 

Ground  Water 

Wells  are  presently  the  chief  source  of  water  supply  for  most  of  the 
communities  in  the  Embarrass  River  Basin.  The  larger  communities  utilizing 
well  fields  for  their  municipal  water  supply  are:  Areola,  Casey,  Greenup, 

Lawrenceville,  Martinsville,  Mattoon,  Toledo,  Tolono,  Tuscola,  and  Villa  Grove. 
The  Community  of  Sumner  receives  its  water  supply  from  Bridgeport  which  in  turn 
purchases  its  supply  from  Lawrenceville. 

Ground  water  in  the  basin  is  not  exhausted  even  though  it  is  utilized 
to  a much  broader  extent  than  surface  water.  Most  of  the  ground  water  is 


Table  7 

Municipal  Water  Systems 
Embarrass  River  Basin 


Municipality 

Pop. 

1?60 

1963 

Est. 

Pop. 

Served 

Source 

Rated. 

Plant 

Capacity 

(mgd) 

Average 

Plant 

Output 

(MGD) 

Treatment 

Areola 

2,273 

2,200 

Wells 

0.20 

0.13 

Filtration, 

Softening, 

Chlorination 

l\  shmore 

447 

447 

Well 

0.07 

0.07 

Filtration  and 
Contact  Beds 

Bridgeport 

2,260 

2,230 

(Obtains  water  supply 
from  Lawrenceville . ) 

0.21 

Broadlands 

344 

322 

Well 

0.06 

0.02 

Iron  Removal , 

Filtration, 

Fluoridation 

Camargo 

276 

— 

Well 

-- 

0.005 

None 

Casey 

2,893 

2,975 

Wells 

0.44 

0.20 

Softening , 
Fil  ration, 
Chlorination 

Charleston 

10,505 

11,500 

Lake 

Charleston 

2.00 

1.0 

Filtration, 
Taste  and  Odor 
Control, 
Fluoridation, 
and 

Chlorination 

Flat  Roclc 

497 

515 

Wells 

0.24 

0.01 

None 

Greenup 

1,477 

1,500 

Wells 

0.29 

0.08 

Fluoridation 

Hindsboro 

376 

300 

Wells 

0.19 

0.02 

Filtration , 
Chlorination , 
Fluoridation 

Hume 

449 

-- 

Well 

0.12 

0.01 

Iron  Removal , 

Filtration, 

Chlorination, 

Fluoridation 
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Table  7 (Cont'd) 
Municipal  Water  Systems 
Embarrass  River  Basin 


Municipality 

Pop. 

i960 

1963 

Est. 

Pop. 

Served 

Kansas 

015 

810 

Lavrenceville 

5,492 

8,964 

Lone  View 

270 

-- 

Martinsville 

1,351 

850 

Mattoon 

19,08B 

24,993 

Metcalf 

273 

200 

ITewr.ian 

1,097 

1,000 

Newton 

2,901 

4,4oo 

Oakland 

939 

980 

I 


Source 

Rated 

Plant 

Capacity 

(MOD) 

Average 

Plant 

Output 

(1-5GD) 

Treatment 

Wells 

0.12 

o.o4 

Softening, 
Iron  Removal, 
Filtration , 
Corrosion 
Correction 

Wells 

1.57 

1.37 

Chlorination, 

Filtration, 

Fluoridation 

Well 

0.07 

0.01 

Chlorination , 
Fluoridation 

Wells 

0.12 

0.08 

Iron  Removal, 
Softening , 
Filtration, 
Chlorination 

Little  Wabash 
River  Imp.  & 
Wells 

4.50 

1.50 

Softening, 
Iron  Removal, 
Filtration, 
Fluroidation , 
Chlorination 

Well 

0.012 

0.005 

Chlorination, 

Corrosion 

Control 

Drift 

Well 

0.18 

0.05 

Softening, 
Iron  Removal, 
Filtration, 
Chlorination, 
Fluoridation 

Embarrass 

River 

0.40 

0.25 

Filtration , 

Chlorination, 

Fluoridation 

Tributary  of 
Embarrass 
River  (imn.) 

0.24 

0.06 

Softening, 
Iron  Removal, 
Filtration, 

Chlorination 
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Table  7 (Cont'd) 
Municipal  Water  Systems 
Embarrass  River  Basin 


25 


Municipality 

Pop. 

i960 

1983 

Est. 

Pop. 

Served 

Source 

Rated 

Plant 

Cauacity 

(MOD) 

Average 

Plant 

Out-out 

(MGD) 

Treatment 

t 

i 

Oblong 

1,817 

2,200 

(Obtains 
water  supply 
from  Robinsor 

0.22 

0 

O.lU 

Pesotum 

1*60 

375 

Well 

0.12 

0.02 

Iron  Removal, 
Chlorination, 
Filtration 

. 

Philo 

7U0 

800 

Drift  Wells 

0.12 

0.03 

Iron  Removal, 

Filtration, 

Fluoridation 

St,  Marie 

3^7 

350 

Drift  Well 

0.015 

0.012 

Iron  Removal, 

Filtration, 

Fluoridation 

Stoy 

185 

-- 

(Obtains  water  supply 
from  Robinson) 

Sumner 

1,035 

995 

(Obtains  water  supply 
from  Lawrenceville) 

0.06 

> 

Toledo 

998 

975 

Drift  Wells 

0.18 

0.05 

Softening, 
Iron  Removal, 
Filtration, 
Chlorination, 
Fluoridation 

Tolono 

1,539 

1,570 

Drift  Wells 

0.29 

0.10 

Softening, 
Iron  Removal, 
Filtration, 
Fluoridation 

Tuscola 

3,875 

t*,000 

Rock  Wells 

0.30 

0.25 

Softening , 

Iron  Removal, 
Filtration , 
Chlorination , 
Fluoridation 


t . 


Table  7 (Cont'd) 
Municipal  Hater  Systems 


Embarrass  River  Basin 


Municipality 

Pop. 

i960 

1963 

Est. 

Pop. 

Served 

Source 

Rated 

Plant 

Capacity 

(mgd) 

Average 

Plant 

Output 

(MGD) 

Treatment 

Villa  Grove 

2,308 

2,200 

Rock  Wells 

o.4o 

0.13 

Softening, 
Iron  Removal 
Filtration, 
Chlorination 
Fluoridation 

Westfield 

63  6 

615 

Rock  and 

0.0  7 

0.015 

Iron  Removal 

Drift  Wells  Chlorination, 

Fluoridation 


obtained  from  deposits  of  sand  and  gravel  in  the  glacial  drift,  and  a few  of 

the  public  supplies  are  obtained  from  bedrock  aquifers.  Wells  tapping  the 

sand  and  gravel  aquifers  have  yields  ranging  from  20  to  more  than  500  gpm 

(gallons  per  minute)  while  the  sandstone  acuifers  yield  less  than  20  gnm  and 

3 

the  limestone  aquifers  yield  as  much  as  500  gpm. 

Prior  to  the  glacial  age,  this  part  of  the  State  had  a heavily  eroded 

landscape  of  deep  valleys  and  high  hills.  During  the  glacier  period  many  of 

these  valleys  were  filled  with  glacial  sand  and  gravel,  and  at  these  locations 

of  unconsolidated  material  the  possibility  of  obtaining  significant  supplies 

of  ground  water  exist.  Additional  testing  of  sub-surface  conditions  must  be 

4 

made  before  knowledge  of  underground  reserves  of  water  is  sufficient. 

Laboratory  analyses  have  been  performed  on  samples  from  pumping 
municipal  wells  of  several  communities  throughout  the  basin.  The  results  of 
these  laboratory  tests  are  listed  in  Table  8. 

Surface  Water 

Mattoon  has  two  impoundments  on  tributaries  of  the  Little  V/abash  River. 
The  first  reservoir  was  constructed  in  1937  with  a surface  area  of  144  acres 
and  the  second  in  1957  with  a surface  area  of  1,270  acres.  Combined  they 
provide  a safe  yield  of  9-0  mgd.  These  reservoirs  are  the  chief  source  for 
Mattoon 's  water  supply . Wells  serve  as  a standby  reserve. 

Charleston's  entire  water  needs  are  supplied  from  Lake  Charleston, 
an  impoundment  of  the  Embarrass  River.  This  reservoir  was  built  in  19^7 
with  a surface  area  of  337  acres  and  an  original  capacity  of  693.6  million 
gallons.  A survey  made  in  i960  by  the  staff  of  the  Illinois  Water  Survey 
found  that  the  reservoir  had  suffered  a 40  percent  loss  in  original  volume 
due  to  siltation.  The  safe  yield  for  Chariecton  has  not  been  furnished. 
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0 = None 
Tr  = Trace 

H^S  = Hydrogen  Sulphide 


Tlie  only  other  community  in  the  basin  presently  utilizing;  the 

Embarrass  River  as  its  source  of  water  supply  is  Norton.  For  a period 

prior  to  December  1924,  Lawrenceville  obtained  its  water  from  the  Embarrass. 

This  source  was  abandoned  because  of  the  salt  water  from  oil  wells  in  the 

5 

drainage  area. 

Oakland  has  an  impoundment  on  a tributary  to  the  Embarrass  River 
known  locally  as  Lake  Oakland.  This  reservoir  has  an  impounded  safe  yield 
of  0.12  mgd. 

Oblond  and  Robinson  are  presently  purchasing  their  water  supplies 

from  the  Community  of  Palestine,  Illinois,  located  on  the  Wabash  River. 

Ranges  in  the  quality  of  surface  water  in  the  Embarrass  River  are 

6 

given  in  Table  9. 

Additional  Water  Needs 
Municipal 

Water  demands  for  communities  will  vary  with  the  economy  of  the  area 
and  with  the  availability  of  water  of  acceptable  quality . Table  10  shows  the 
estimated  future  per  capita  and  municipal  use  for  the  major  communities 
located  in  the  basin.  This  tabulation  gives  the  best  estimate  of  future 
municipal  water  requirements  that  can  be  made  at  this  time.  If  more  detailed 
and  more  reliable  data  become  available,  a revision  of  estimates  for  future 
municipal  use  may  become  necessary.  Light  industrial  uses  are  expected  to  be 
served  from  the  municipal  supply.  Table  10  includes  such  anticipated  use. 
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Includes  communities  of  Bridgeport  and  Sumner. 


Future  populations  for  the  Communities  of  Toledo,  Greenup,  and 
St.  Marie  have  been  arbitrarily  taken  at  a per  annum  rate  of  one  half  or 
one  percent  according  to  past  growth.  The  population  figures  for  these 
three  communities  are  not  based  upon  any  economic  factors  and  are  not  to 
be  inferred  as  population  projections  or  predictions.  In  the  event  the 
figures  as  used  are  erroneous,  the  error  in  anticipated  needs  will  have 
only  an  insignificant  effect  upon  the  total  needs  for  water  from  the 
Lincoln  Reservoir. 

Industrial 

As  indicated  previously,  industrial  needs  for  water  presently  are 
satisfied  from  municipal  supplies.  It  is  not  anticipated  that  the  source 
of  supply  for  the  types  of  industries  presently  in  the  Embarrass  River  Basin 
will  change.  However,  .if  any  industries  using  large  volumes  are  attracted 
to  the  basin,  water  use  would  increase  at  a rate  greater  than  that  computed 
for  municipal  needs.  Therefore,  the  industrial  needs  for  the  larger 
communities  are  listed  in  Table  11,  These  communities  represent  locations 
where  moderately  large  industrial  water  users  would  most  likely  locate  in  the 
Embarrass  Basin.  This  tabulation  of  self-supplied  industries,  like  that 
for  municipal  supply,  is  based  upon  the  best  estimates  that  can  be  made  at 
this  time.  Revision  of  the  figures  in  Table  11  may  be  required  if  further 
data  become  available . 


Table  11 


Industrial  Water 

Requirements 

Community 

i960 

1976 

1980 

MOD 

MGD 

MGD 

Charleston 

0 

1.2  to  1.5 

2.4  to  2.8 

Lawrenceville 

0 

0.7  to  0.8 

1.4  to  1.6 

Mattoon 

0 

1.6  to  2.0 

3.0  to  3.5 

Newton 

0 

0.4  to  0.5 

0.8  to  0.9 

Total  Industrial 

Needs  0 

3-9  to  4.8 

7.6  to  8.8 

Water  Quality  Objectives 

The  water  quality  objectives  used  as  a basis  for  determination  of 
need  for  storage  for  regulation  of  strcamflov  for  the  purpose  of  water 
quality  control  are  all  related  to  the  downstream  land  uses  and  in-stream 
uses  of  the  waters.  Where  proper  quality  is  not  maintained,  possible 
economic  benefits  may  be  foregone  and  the  public  health  may  be  endangered. 

The  objectives  used  in  evaluating  quality  conditions  in  the  Embarrass  River 

Basin  below  the  proposed  Lincoln  Reservoir  have  been  based  on  present  and 

> , 

, prospective  general  recreational  use  of  the  Embarrass  River,  preservation  of 

aquatic  life,  and  its  use  as  a source  for  raw  water  by  the  communities  which 
might  draw  such  supplies  from  the  Embarrass  River. 

The  bacterial  coliform  content  is  not  used  as  an  objective  which  could 
be  achieved  by  additional  storage.  The  cheapest  solution  to  the  bacterial 
content  problem  is  considered  to  be  chlorination  of  the  effluent  from  waste 
treatment  plants. 

In  setting  water  quality  objectives  for  streams  for  the  protection 
of  aquatic  life,  mere  survival  is  not  enough.  The  minimum  level  selected 


should  be  suitable  for  the  continuous  maintenance  of  satisfactory  fish  life 
and  fish  food  organisms.  Objectives  are,  therefore,  based  upon  the 
environmental  requirements  of  the  fish  species  present  in  the  river.  On  the 
basis  of  studies  by  the  Public  Health  Service  in  the  Cincinnati  area,  it  was 
concluded  that  for  a well-rounded , warm  water  fish  population  dissolved 
oxygen  concentrations  should  not  be  below  5 mg/l  for  more  than  eight  hours 
per  day.  Based  on  these  considerations,  a dissolved  oxygen  objective  of 
5 mg/l  has  been  established  for  the  Embarrass  River  below  Lincoln  Reservoir 
to  preserve  desirable  aquatic  life  and  to  insure  present  and  future  recreational 
use  of  the  river.  The  flows  described  as  needed  should  achieve  the  dissolved 
oxygen  objective  in  the  river  except  that  portion  below  Lawrenceville  provided 
water  of  satisfactory  quality  is  discharged  from  the  Lincoln  Reservoir.  This 
could  be  achieved  by  multiple  level  outlets. 

One  of  the  declared  public  policies  of  the  Sanitary  Water  Board  Law 
is  ".  . .to  provide  that  no  waste  be  discharged  into  any  waters  of  the  State 

without  first  being  given  the  degree  of  treatment  necessary  to  prevent 

7 

pollution  of  such  waters  ...” 

It  is  further  stated  that  " . . . Industrial  wastes  shall  be  treated 

or  otherwise  modified  prior  to  discharge  so  as  to  maintain  the  following 
conditions  in  the  receiving  waters : 

1.  Freedom  from  anything  that  will  settle  to  form  putrescent 
or  otherwise  objectionable  sludge  deposits  which  intercferc 
v»„th  reasonable  water  uses. 
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2.  Freedom  from  floatinc  debris,  scum  and  other  floating 
materials  in  amounts  sufficient  to  be  unsightly  or 
deleterious. 

3.  Freedom  from  materials  producing  color  or  odor  in 
such  degree  as  to  create  a nuisance. 

4.  Freedom  from  substances  in  concentrations  or  combinations 
which  are  toxic  or  harmful  to  human,  animal,  or  aquatic 
life . 

These  conditions  to  be  maintained  in  the  receiving  waters  following 
the  discharge  of  industrial  waste  effluents  are  basic  or  minimum  requirements 

tl 

3 

From  an  inspection  of  Table  12  it  can  be  seen  that  all  municipal 
wastes  are  or  will  be  adequately  treated.  Adequate  treatment  at  the  present 
time  amounts  to  85  percent  removal  of  the  5-day  biochemical  oxygen  demand. 
Quantities  of  water  required  for  water  quality  control  have  been  computed 
on  the  premise  that  such  treatment  will  be  nrov'.led. 

The  most  critical  area  of  the  Embarrass  T,'”er,  after  construction  of 
the  proposed  reservoir,  will  be  at  Nov!  n.  1 -a  upstream  from  Newton  and 
below  the  proposed  reservoir  are  the  small  ’immunities  of  Greenup  and  Toledo. 
These  communities  can  discharge  adequately  treated  wastes  into  the  Embarrass 
River  which  will  carry  releases  from  :h  pr  posed  reservoir.  The  released 
flow  will  be  adi  Hate  such  ti  wastes  and  be  of  satisfactory 

quality  for  Newton's  water  supp..y  if  the  releases  arc  maintained  at  a rate 
equal  to  the  minimum  seven  consecutive  day  average  flow  having  a once  in 
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Activated  Sludge 

Villa  Grove  2^ 308  0.30  0.16  Sedimentation  Mbsrrass 

Activated  Sludge 


five  year  frequency  which  i 


This  miniman  release  from  the 


proposed.  Lincoln  Reservoir  will  be  ample  to  receive  and  assimilate 


adequately  treated  waste 


Newton 


It  is  believed  this  release  rate  i 


reasonable  because  minimum 


releases  will  be  held  constant  for  a prolonged  period  of  time.  Consequ.i 


.lie  communities  downstream  will  be  deprived  of  the  periodic  small  ri 


normally  would  be  available  to  downstream  user. 


Also,  the  release  rati 


nor  inconsistent  with  other  uses.  The  Fish  and  Wildlife  Service  ha; 


a need  for  50  cfs  for  preservation  of  fish  life  in  the  stream 


The  last  doimstream  community  on  the  Embarrass  River  is  Lawrence 


•rhich  is  situated  approximately  eight  miles  from  the  mouth  of  the  river 


no  other  water  use  downstream  from  Lawrcncevillc 


there  i 


the  releases  from  the  proposed  reservoir  increased  by  natural  inflow  wi 


be  of  sufficient  quantity  to  receive  and  assimilate  Lawrenceville  nunic 


An  inspection  of  Table  9s  page  30,  discloses  a chloride  problem 


one  mile  couth  of  Lawrcncevi. 


Creek  near  Hi, 


that  noint  are  also  indicated  by  hardness 


and  coliform.  It  is  believed  t: 


ver: ' rations , most  of  the  problem  is  due  to  li 


• '".'one  and  oil  refinery  operation- 


reported  upon  at  a later  date.  Needs  for 


effort 


and  cxocnditurc 


1 ec  to  fill  these  needs  will  be  described  in  d 
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either  the  adequacy  of  treatment  or  other  methods  of  control  of 
washes  at  the  source  have  been  determined  due  to  tine  limitations.  There: 
at  this  time  needs  for  and  value  of  storage  for  control  of  residual  waste: 
from  oil  field  operations  could  not  be  determined.  It  is  possible  that 
tnere  may  be  a greater  need  for  water  downstream  from  the  Lincoln  Reservoi 
than  has  been  shown  in  this  preliminary  evaluation. 

The  State  of  Illinois  has  prepared  "Basic  Industrial  Waste  Disposal 
Requirements  which  arc  set  forth  in  Technical  Release  20-11  dated  May  1. 
I960. 

Table  13  lists  the  minimum  needs  for  water  quality  control  in  the 
Embarrass  River  Busin. 

Table  14  gives  a summary  of  the  needs  for  water  supply  and  for  quali 
control  in  the  Embarrass  River  Basin 


Table  13 

V/atcr  Quality  Control  Reeds  in  MGD 


Municipality 


Newton 

To  receive  municipal  wastes 
To  receive  industria]  waster 
Total  requirement  for  •.rater 
quality  control 
Design  flow 


i960 

1976 

2010 

0.5 

1.6  to  2.0 

3-3  to  5.7 

— 

0.8  to  1.0 

1.6  to  1.8 

0.5 

2.4  to  3.0 

4.9  to  7.5 

13.6 

13.6 

13.6 

Table  l4 


Summary  of  Heeds 


Community 

i960 

1976 

2010 

MOD 

MOD 

MOD 

Charleston  (Charleston  T) 

Municipal  Water  Supply 

O.98 

2.50  to  3-00 

4.9O  to  5-60 

Design  Flow  and  Storage 

— 

— 

3-  3- 

Additional  Weed 

— 

— 

1.9  to  2.6 

Industrial  Water  Supply 



1.2  to  1.5 

2.4  to  2.8 

Total  Additional  Need 

— 

0.7  to  1.5 

4.3  to  5-4 

Mattoon  (Mattoon  T) 

Municipal  Water  Supply 

1.50 

3.25  to  3.90 

6.13  to  7.00 

Design  Flow  and  Storage 

— 

— 

— 

Additional  Need 

— 

— 

— 

Industrial  Water  Supply 

— 

1.6  to  2.0 

3.0  to  3.5 

Total  Additional  Need 

— 

— 

0.1  to  1.5 

Newton  (Newton  T) 

Municipal  Water  Supply 

0.25 

0.8  to  1.0 

1.6  to  1.9 

1-Day  Flow  (Once  in  30-Year 

Frequency) 

— 

0.84 

0.84 

Additional  Need 

— 

0.0  to  0.2 

oTB-  to  1.1 

Industrial  Water  Supply 

— 

0.4  to  0.5 

0.8  to  0.9 

Total  Additional  Needs 

— 

0.4  to  0.7 

1.6  to  2.0 

Quality  Control  Needs 
Toto.l  Needed  to  Receive 
Municipal  and 

Industrial  Wastes 

0.5 

2.4  to  3.0 

4.9  to  7.5 

Design  Flow 

13.6 

13.6 

13.6 

(7-Day  Once  in  5-Years) 

— 

— 

— 

Additional  Need 

— 

— 

— 

Lawrencevil lc 

Municipal  Water  Supply 

0.77 

1.4  to  1.6 

.2.8  to  3.2 

Maximum  Dependable  Draft 

— 

— 

— 

Additional  Need 

— 

— 

— 

Industrial  'Water  Supply 

— 

0.7  to  0.8 

1.4  to  1.6 

Tabic  .14  (Cont'd) 
Summery  of  Needs 

Cor  imuiity 


Lawrenceville  ( Cont ' d) 

Total  Additional  Uatcr 
Supply  Needs 

Quality  Control  Weeds 
Total  Needed  to  Receive 
Municipal  and 
Industrial  Wastes 
Design  Flow 

(7-Day  Once  in  5-Years) 

Additional  Need 

Total  Additional  Water 
Supply  Needs 

Directly  From  the  Proposed 
Reservoir  and  Returned  uo 
the  Reservoir  as  Adequately 
Treated  Waste  0.7  to  1.5  4.4  to  6.9 


The  flow  of  21  cfs  is  believed  to  be  a reasonable  flow  for  the 
Embarrass  River  and  would  be  sufficient  to  meet  the  needs  along  the  river 
as  explained  previously.  To  maintain  a flow  of  21  cfs  (.13.6  mgd)  in  the 
Embarrass  River  would  require  a draft  on  storage  which  could  be  provided 
by  an  impounding  reservoir  with  5,400  acre-feet  of  storage  capacity.  This 
draft  on  storage  would  be  for  ’.rater  quality  control  purposes. 


cn  irements 

The  City  of  Mattoon  has  an  impoundment  that  provides  a safe  yield  of 
Q.O  mgd  and  is  not  t<  need  more  water  in  the  near  future  but  estimates 

of  municipal  and  industrial  needs  indicate  that  as  much  as  1.5  mgd  additional 


i-960 

MGD 


1976 

MGD 


2010 

MGD 


0.2  to  0.8 


•1.! 
1-3 -i 


4.2  to  4.8 
13.6+ 


8.4  to  9.6 
13.6+ 


Ul 


water  may  be  needed  by  the  year  2010.  This  additional  water  can  be 

Yom  the  proposed  Lincoln  Reservoir  by  providing  a useable  storage 
volume  of  about  1,700  acre-feet.  An  alternate  to  the  use  of  water  from  the 
proposed  Lincoln  Reservoir  would  be  to  construct  a single-purpose  reservoir 
I .mail  tr  loa'-racs  or  the  little  Wabash  Rivers. 

The  City  of  Charleston  is  expected  to  be  in  need  of  additional  water  by 
he  year  197  (cause  of  si  Embarrass  River  and 

the  accompanying  loss  of  storage  volu  It  is  aj  Lcipated  that  Charleston 
will  need  additional  water  in  the  range  of  0.7  to  1.5  ngd  by  1976  and  from 
it. 3 to  5J1  mgd  by  the  year  2010.  Useable  storage  volume  of  about  3,500 
acrc-fcet  in  excess  of  the  river  flow  and  present  storage  would  provide  the 
quantity  of  water  needed  to  give  a firm  yield  of  5-^  mgd.  loss  of  existing 
reservoir  volume  by  unexpectedly  rapid  s citation  could  create  a need,  for 
additional  water  for  Charleston  much  earlier  than  1976. 

An  alternate  to  the  use  of  water  from  the  proposed  Lincoln  Reservoir 
would  be  the  construction  of  a single-purpose  water  supply  reservoir  on  one 
of  the  small  tributaries  of  Kickapoo  Creek  or  the  Embarrass  River. 

. : St.  Marie  use  wells  for  water  supply.  It  is 

antic ipat  d,  on  the  basis  of  presently  available  information,  that  these 
communities  can  obtain  sufficient  supply  from  ground  water  sources  and 
should  do  so  even  though  al3.  arc  within  a distance  of  the  Embarrass  River 
that  would  permit  pumping  Lincoln  Reservoir  releases  from  the  Embarrass 

t lat  stream. 


The  City  of  Lawrenceville  uses  wells  for  water  supply.  Formerly, 
Embarrass  River  water  was  used  but  because  of  oil  field  wastes  the  quality 
of  river  water  was  badly  degraded  and  the  city  changed  its  water  supply 
source  to  a well  field  in  the  outwash  sands  and  gravels  of  the  Wabash  River. 
The  existing  wells  used  by  Lawrenceville  have  a maximum  dependable  draft  of 
4.0  mgd  and  it  is  believed  the  well  field  can  be  expanded  to  satisfy  the 
anticipated  need  of  0.2  to  0.8  mgd  additional  water.  Alternate  sources  of 
supply  for  Lawrenceville  could  be  obtained  from  the  Embarrass  River  if 
suitable  quality  of  water  were  maintained  or  from  the  Wabash  River'. 


VII.  BENEFITS  OF  STORAGE 


Evaluation  Method 

The  time  available  for  the  Lincoln  Reservoir  study  permitted  only 
a preliminary  appraisal  of  needs  for  water  supply  and  water  quality  con- 
trol. In  this  preliminary  appraisal,  a range  of  needs  has  been  determined 
on  the  basis  of  the  best  estimates  that  could  be  made  in  the  available 
time.  Greater  needs  than  those  that  have  been  anticipated  may  develop. 

The  needs  for  water  supply  and  water  quality  control  can  be  met  as 
they  develop  on  a piecemeal  basis,  but  a more  efficient  method  would  be 
to  determine  all  the  needs  and  supply  them  with  a single  multi-purpose 
project.  The  benefits  realized  by  this  latter  method  would  be  equivalent 
to  the  savings  or  the  decrease  in  costs  from  the  more  expensive  alternates 
to  the  single  project. 

Alternate  Plans 

An  alternate  plan  could  be  used  to  provide  water  for  municipal  and 
industrial  water  supply  in  place  of  the  multi-purpose  Lincoln  Reservoir. 
This  plan  would  require  the  individual  001:1111x0111103  to  provide  their  own 
separate  water  supplies.  Water  for  quality  control  purposes  would  be 
supplied  moot  economically  from  a single  reservoir  upstream  from  Charleston. 

This  alternate  to  the  proposed  multi-purpose  Lincoln  Reservoir  would 
require  the  construction  of  on  additional  impoundment  for  Charleston  or 
the  enlargement  of  the  present  impoundment  when  the  present  reservoir 
capacity  is  no  longer  sufficient.  Similarly,  Mattoon  wou Id  have  to  plan 
for  additional  water  but  possibly  not  before  the  year  2000.  Newton,  x/hich 


Uh 


» 


•rass  River  would  need  only  a 
token  amour. • of  storage  to  insure  a firm  yield  equal  to  its  estimated 
future  needs. 

The  communities  of  Toledo,  teenup,  and  Ste.  Marie  would  require 
additional  supplies  hut  not  necessarily  from  a surface  water  source.  It 
is  assumed  from  the  anticipated  increase  in  needs  that  these  three 
communities  could  satisfy  their  needs  from  ground  water  sources. 

Lawrenceville  might  have  its  additional  needs  supplied  by  a single 
purpose  reservoir  on  some  tributary  upstream  or  it  could  obtain  water  from 
the  Wabash  River.  Until  the  oil  fi  :ld  wastes  are  controlled,  it  seems 
wiser  to  plan  on  expansion  of  the  c is  ting  well  field  to  its  ultimate 
capacity  as  necessary. 


Water  Supply  Benefits 

The  costs  of  the  cheapest  alternate  sources  of  supply  for  the 

N. 

communities  in  need  of  additions.]  v-v.-  • may  bo  taken  as  a.  measure  of  the 
minimum  value  of  the  benefit,  gained  from  the  Lincoln  Reservoir  project. 

It  is  anticipated  that  the  city  of  Mattoon  will  need  about  1700 
acre-feet  of  useable  storage  to  . 'vide  about  1.5  mgd  additional  water  by 
the  year  2010.  An  alternate  to  acquiring  this  storage  in  the  proposed 
Lincoln  Reservoir  would  be  the  construction  of  a single  purpose  water 
supply  reservoir  on  a tributary  stream.  Small  tributaries  to  Kaskaskia, 
Little  Wabash,  or  Embarrass  River  arc  near  to  Mattoon  which  is  situated 
on  a divide.  Because  ground  v, ater  supplies  have  been  insufficient  for 
Maotoon's  needs,  two  impoundments  have  been  built.  Any  new  impoundment 


45 


I 

: 

i 

1 


f 


is  likely  to  require  about  fuui  miles  of  pipeline.  Use  of  water  xrom  the 
proposed  Lincoln  Reservoir  would  require  from  10  to  12  miles  oi  pipeline, 
or  pelin  ,ore  than  rould  a nearby  reservoir. 

The  cost  of  constructing  a single  purpose  reservoir  having  a 
capacity  of  1700  acre- feet  would  be  about  $800,000.  Thus,  the  minimum 
value  of  of  wat  i;r  for  Mattoon's 

cost,  or  about 

'..errs  of  1963  dollars ■ Adjusted  for  qj  on  and  maintenance 
.i.o,  amortized  for  a period  of  50  years  beginning  in  1970,  and  dis- 
counted to  the  year  2000  when  Mattoon's  additional  water  supply  need  ior 
increased  safe  yield  is  expected  to  begin,  the  minimum  annual  value  of 
benefits  to  Muttoon  would  be  about  $10,000  per  year.  This  minimum  value 
reduced  to  an  annual  value  would  be  about  $79 >000  Per  year. 

Mo  estimate  of  possible  benefits  has  been  made  for  the  communities 
of  Toledo,  Greenup,  and  Ste.  Marie  because  it  is  believed  that  existing 
and  expanded  well  fields  will  be  adequate  to  supply  the  needs  of  these 
communities.  In  view  of  the  generally  cheaper  cost  of  treating  well 
water,  it  is  believed  storage  costs  of  a surface  water  supply  would  exceed 


. 1 


! ! 


.. 


the  benefits. 

The  city  of  Newton  is  expected  to  need  a dependable  river  flow  of 
about  2.0  ragd  in  addition  to  the  normal  river  flow  in  the  year  2010. 
During  the  lowest  flow  of  the  Embarrass  River  in  the  period  of  record 
available,  a token  usable  storage  volume  of  20  acre-feet  would  have  given 
,sary  dependable  flow  in  the  Embarrass  River  enefit  has 

been  q.ogc53c&  Tor  this  token  cvtorcif^c* 
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The  city  of  Lawrenceville  is  expected  to  continue  use  of  it 


existing  well  field  to  the  year  2010  without  need  for  water  from  an 


additional  source 


Adjusted  Value  of  Storage 


storage  required  for  water  supply  from  the 


The  minimum  value  of 


proposed  Lincoln  Reservoir  is  at  least  equal  to  the  cost  of  the  two 


single  "purpose  reservoirs  that  would  be  required  for  Mattoon  and 


Charleston  le 


the  difference  in  cost  of  pipeline  to  service  Mattoon 


This  total  adjusted  value  is  about  $1,850*000,  or  about  $89*000  per  year 


of  the  municipal  and  industrial 


The  amount  of  the  annual  benefit 


water  from  the  proposed  reservoir  has  been  computed  by  converting  the  net 


avings  in  capital  cost  to  an  annual  basic  by  amortizing  for  25  years 


at  h per  cent  and  converting  to  an  annual  basis  for  a 50-year  period  at 


3 per  cent  beginning  in  1970-  Annual  operation  and  maintenance  costs  of 


the  alternate  were  added  to  thi 


figurq  and  annual  operation  and  maintenance 


of  any  necessary  pipeline  were  deducted.  The  resulting  benefit  figure  then 


was  discounted  to  the  year  when  the  supply  would  become  nece 


should  be  noted  that  the  treated  wastes  of  Mattoon  and  Charleston 


amounting  to  more  than  100  per  cent  of  water  use  from  the  proposed  Lincoln 


Reservoir  would  be  discharged  into  the  proposed  reservoir  by  way  of 


Kickapoo  Creek.  The  difference  in  water  use  and  treated  waste  return  is 


caused  by  the  diversion  of  Mattoon 


wastes  from  the  Little  Wabash  River 


Water  Quality  Control  Benefit 


The  critical  point  on  the  Embarrass  River  will  be  below  Newton  when 


the  proposed  Lincoln  Reservoir  is  constructed.  However,  under  existing 


I 

! 

■ 


i 
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conditions,  the  water  quality  at  and  "below  the  mouth  of  Kickapoo  Creek 
is  more  critical.  At  this  juncture,  treatment  plant  effluent  from  Mattoon 
and  Charleston  enters  Embarrass  River. 

After  construction  of  the  proposed  Lincoln  Reservoir,  it  is  expected 

9 

that  these  two  cities  will  provide  adequate  treatment  of  their  wastes. 
Following  this  degree  of  treatment,  no  adverse  affects  would  "be  expected 
in  the  main  body  of  the  proposed  reservoir. 

Downstream  from  the  proposed  reservoir,  the  city  of  Newton  utilizes 
the  Embarrass  River  as  a source  of  supply.  The  flow  believed  to  be  reasonable 
for  the  users  downstream  from  the  Lincoln  Reservoir  is  the  minimum  seven 
consecutive  day  average  flow  with  a frequency  of  once  in  five  years.  This 
quantity  has  been  selected  because  the  periods  of  increased  flow  which 
presently  are  available  to  the  downstream  users  will  not  occur  with  the 
some  frequency  and  magnitude  after  construction  of  the  proposed  Lincoln 
Reservoir. 

If  this  release  rate  from  the  reservoir  is  maintained,  it  is  believed 
that  adequately  treated  wastes  from  Greenup  and  Toledo  can  be  assimilated 
without  degrading  the  quality  of  the  river  at  Newton  below  acceptable 
standards  for  water  supply.  Newton  can  then  utilize  the  river  for  its 
supply  and  the  remaining  flow  will  be  sufficient  to  receive  and  assimilate 
Newton's  adequately  treated  wastes. 

To  maintain  a flow  of  21  cfs  in  the  Embarrass  River  would  require 
a draft  on  storage  which  could  be  provided  by  an  impounding  reservoir 
having  a usable  storage  of  5430  acre-feet  of  water. 
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An  osc&  reservoir  for 

quality  control  would  be  for  tl  :ity  of  Newton  to  construct  storage  ponds 
for  its  wastes  during  periods  when  sufficient  river  flow  is  not  available 
to  assimilate  the  wastes.  This  alternate  is  not  considered  practical  for 
the  reason  that  possibly  sixty  days  st<  . age  might  he  required  and  based 
upon  projections,  suitable  sites  for  s or.  . of  adequate  size  vould 
not  be  available,  and  for  a further  reason  that  present  State  regulations  • 
would  not  compel  Newton  to  use  this  method  of  r B<  sides  being 
impractical,  this  alternate  would  deprive  mil  lea  of  river 

flow  as  an  emergency  source  of  water  dr,  Ires.  For  the  above  reasons, 

this  alternate  is  not  recommended. 

A second  alternate  would  be  for  Newton  to  dispose  of  its  wastes  by 
distillation  process.  The  process  cost  of  this  alternate  would  be  prohibitive 
for  Newton  and  is  not  required  by  the  State.  Therefore,  this  alternate  is 
not  satisfactory. 

A third  alternate  f r ,h<  communJ ! ,y  of  • ■ >n  md  other  downstream 
communities,  is  the  construction  of  a ; in,  Lc  purpose  reservoir  from  which 
stored  water  could  be  released  to  yield  h 'low.  The  storage  draft 

that  would  be  required  would  bo  r t . -b 

Downstream  from  Newton,  the  North  Fori.  Embarrass  TUvcr  and  other 
tributaries  flow 

Lawrenccville.  On  the  basis  of  prose 

believed  that  oil  fieli  w ondition  in 


the  Embarrass  Rive r ■ 


this  degraded 


condition,  it  is  no*  -mi, . - • : 'dered  a 


potential  w.-. ter  supj  thi  *s<  condit  Lon  is  corrected. 

Further  studios  and  invent . indi  :ui.j  whether  u.l  field  wastes 

are  receiving  adequate  trca’> at  r wheth.,'  other  methods  of  controlling 
vastes  are  applied  at  ■ 

When  further  studies  are  m Dialysis  of  oil  field  and  refinery 

wastes  can  be  mad  , • -DO 

reconsidered  li  of  the  data  which  then  will  be  available. 

At  the  present  time,  av.-c  : !.  mai  Ion  loll  ates  that  21  cfs 

would  ■■ 

suitable  water  qi  n d wns  ream  where  brine 

wastes  enter.  Brine  wastes  not  included  in  this  estimate. 

The  minimum  value  of  benefits  to  be  icr/wred  from  water  quality  control 
on  the  Embarrass  River  will  be  at  of  a single  purpose 

reservoir  that  would  yield  21  < l Lincoln  dam  site.  It  is 

estimated  that  5^00  acre-foot  of  wo  ntor-  w uld  . required  in  such  a 
reservoir.  The  cost  of  . ■;  about 

$1,600,000  as  adjusted  to  y the  index  in  Engineering 

News  Record.  This  value  would  b 

In  order  to  ins-ore  that  water  of  w f nrtory  quality  is  released 
irom  the  proposed  Lincoln  Reserved! , hould  be  given  to 

multiple  outlets.  One  should  be  in  the  upp<  . ont  at  middle  depth, 

and  one  in  the-  It  W(  r be  rel  ased  from 

levels  near  the  hot '.or.  or  ’>  , -.v  gu  water  may 

be  poor  owing  to  absence  . 0p 

sulphide  as  well  as  oth-:  - - ■ : • • ■ ■ r 
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I . INTRODUCTION 


Authority 

The  authority  to  conduct  studies  of  need  and  value  of  water  for 
municipal,  industrial,  and  water  quality  control  purposes  is  provided 
in  the  Federal  Water  Pollution  Control  Act  (Public  Law  84-660,  as  amended 
by  Public  Law  87-88  in  1961)  and  in  the  Memorandum  of  Agreement,  dated 
November  4,  1958,  between  the  Department  of  the  Army  and  the  Department 
of  Health,  Education,  and  Welfare,  relative  to  the  Water  Supply  Act  of 
1958  (Title  III  of  P.L.  85-500,  as  amended  by  P.L.  87-88). 

In  accordance  with  the  above  acts,  the  District  Engineer,  Corps 
of  Engineers,  Louisville,  Kentucky,  by  letter  dated  August  20,  1963, 
requested  the  U.  S.  Public  Health  Service  to  furnish  "...information 
in  accordance  with  the  work  plan  now  under  negotiation  for  your  studies 
for  the  Wabash  Basin  Comprehensive  Study...."  The  letter  further  stated 
"Deletion  of  the  minimum  pool  at  Clifty  Creek  will  be  considered  because 
of  the  site's  limited  storage  capability. . .unless  you  consider  conservation 
storage  to  have  greater  value  than  flood  control  space . . . . " 

Purpose  and  Scope 

This  report  assesses  municipal  and  water  supply  needs  for  the  Clifty 
Creek  Basin  in  the  counties  of  Bartholomew,  Decatur,  Rush,  and  Shelby 
Counties  in  Indiana,  assesses  surface  water  quality  control  needs,  and 
estimates  need  for  and  value  of  water  storage  for  regulation  of  the  Clifty 
Creek  flow  for  these  needs  for  the  years  1976  and  2010. 
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Due  to  time  limitations,  this  study  of  the  Clifty  Creek  Reservoir 
and  its  findings  are  considered  to  he  preliminary  and  may  require  additional 
investigations  and  refinement  prior  to  construction  of  the  proposed  project. 
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II.  SUMMARY  AND  CONCLUSIONS 


Summary 

1.  The  proposed  Clifty  Creek  Reservoir  site  is  situated  on  Clifty 
Creek  about  l|-  miles  southwest  of  Hartsville  and  about  10  miles  northeast 
of  Columbus,  Indiana. 

2.  Clifty  Creek,  which  has  a drainage  area  of  about  200  square  miles, 
is  a tributary  of  the  East  Fork,  White  River  and  enters  that  stream  at  a , 
point  just  south  of  Columbus.  The  mean  flow  of  the  creek  at  a point  where 
the  drainage  area  is  88.8  square  miles  was  106  cfs  during  l4  years  of 
record  from  19^8  to  1962.  During  that  period,  zero  flow  ms  experienced 
at  times  during  19^8,  1951-57,  1959,  and  1961. 

3-  Communities  near  the  proposed  Clifty  Creek  Reservoir  site  are 
Greensburg,  Hope,  Hartsville,  and  Columbus.  Of  these,  only  Hartsville 
lies  within  the  basin.  Columbus,  which  is  situated  on  the  East  Fork  of 
White  River,  is  growing  rapidly  eastward  and  will  be  affected  to  a greater 
degree  than  the  other  communities . 

4.  Seymour,  about  27  miles  downstream  from  Columbus,  utilizes  the 
river  as  its  source  of  public  water  supply  and  requires  a water  quality 
suitable  for  that  use. 

5.  The  City  of  Greensburg  is  located  on  Sand  Creek  and  would  be 

expected  to  take  its  water  supply  from  that  source.  The  community  of 
Hope  is  expected  ) require  a source  of  supply.  Even  if  it  elects  to  take 
its  supply  ohe  proposed  reservoir,  the  demand  would  be  so  small  as 

to  be  insignificant  \rith  respect  to  storage  computations. 


Conclusions 

1.  It  is  expected  that  the  population  of  the  Columbus  area  (Columbus 
township  including  the  city)  will  increase  from  about  3®)000  in  i960 

to  about  40,000  by  1976  and  about  73>°00  by  the  year  2010. 

2.  It  is  expected  that  this  area  which  used  3*5  mgd  (million  gallons 
per  day)  in  i960  will  need  from  7-0  to  8.0  mgd  for  municipal  supplies 

and  3*5  to  4.0  mgd  for  industrial  uses  in  1976.  By  the  year  2010,  it 
is  believed  the  needs  for  water  will  be  about  l4.6  to  16.4  mgd  for  municipal 
supplies  and  from  7*3  to  8.2  mgd  for  industrial  purposes.  This  water 
can  be  obtained  from  the  East  Fork, White  River  in  the  event  presently- 
used  well  fields  prove  inadequate. 

3-  In  addition  to  needs  for  municipal  and  industrial  purposes, 
water  will  be  needed  in  Clifty  Creek  and  in  the  East  Fork,  White  River 
for  quality  control.  Water  in  the  range  of  6.5  to  7-2  mgd  in  1976  and 
from  9-1  to  12.9  mgd  in  the  year  2010  will  be  needed  to  assimilate  ade- 
quately treated  wastes  introduced  into  Clifty  Creek.  This  water  can  be 
obtained  by  an  annual  draft  on  storage  of  11,000  acre-feet  in  the  proposed 
Clifty  Creek  Reservoir.  In  addition,  this  released  flow  will  augment 
the  flow  in  the  East  Fork,  White  River  so  that  a satisfactory  water  quality 
is  maintained  at  Seymour . 

4.  No  benefits  of  any  significance  can  be  attributed  to  storage 


J 


for  municipal  and  industrial  -water  supply  purposes. 
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5*  Water  released  from  the  proposed  Clifty  Creek  Reservoir  seasonal 
pool  in  the  amount  indicated  above  in  order  to  assure  minimum  discharges 
at  the  confluence  of  Duck  Creek  as  shown  in  Table  14  would  provide  a 
savings  of  $1,885,000  to  Columbus,  Indiana  (1963  Construction  Cost  Index). 
These  savings  are  basdd  upon  the  elimination  of  a force  main,  a lift 
station,  and  operation  and  maintenance  costs  of  these  facilities.  In 
addition,  benefits  realized  from  increases  in  flow  of  the  East  Fork, 

White  River  during  periods  of  natural  low  flow  would  have  at  least  a 
minimum  value  of  about  $1,440,000  (19$3  Construction  Cost  Index)  based 
upon  the  cost  of  a single  purpose  reservoir  which  would  assure  the  required 
flow  in  Clifty  Creek.  Amortized  for  50  years  at  three  percent  and  adjusted 
for  operation  and  maintenance  costs,  these  amounts  are  equivalent  to  annual 
values  of  $73,000  and  $70,000  respectively,  or  a total  value  of  $143,000 
per  year. 

6.  Flows  released  from  the  proposed  Clifty  Creek  Reservoir  could 
receive  adequately  treated  wastes  and  provide  vater  of  satisfactory  quality 
flowing  through  a residential  area  of  East  Columbus.  It  would  improve 
the  quality  of  vater  in  the  East  Fork,  White  River  thereby  benefiting 
Seymour,  Indiana  by  providing  a better  source  of  raw  water  supply.  In 
addition,  such  flows  would  provide  a quality  of  water  which  would  enhance 
recreational  opportunities  and  improve  the  aquatic  environment  in  the 
East  Fork,  White  River,  the  White  River,  and  the  Wabash  River  to  the 


Ohio  River. 


Location 

The  Corps  of  Engineers  is  presently  considering  the  Clifty  Creek 
Basin  as  a possible  site  for  a multi-purpose  reservoir  project.  The 
proposed  reservoir  site  under  study  is  in  Bartholomew  and  Decatur  Counties, 

Indiana,  on  Clifty  Creek,  a tributary  of  East  Fork  of  White  River  (See 
Figure  I).  Seventy  percent  (l40  square  miles)  of  the  basin's  total 
drainage  area  of  200  square  miles  is  located  above  the  proposed  dam 
site.  The  dam  site  under  consideration  is  approximately  18  stream  miles 
above  the  mouth  of  Clifty  Creek,  ly  miles  southwest  of  Hartsville,  Indiana, 
and  about  10  miles  east  by  northeast  of  Columbus,  Indiana. 

Gtreamflow 

The  average  discharge  of  Clifty  Creek  at  Hartsville  for  14  years 

of  record  (February  1948  to  September  1962)  is  106  cfs  from  a drainage  j 

area  of  88.8  square  miles.  Maximum  and  minimum  mean  daily  flows  experienced  « 

during  the  period  of  record  were  6,l8o  cfs  and  zero  flow  respectively. 

Records  indicate  that  for  the  gaging  station  at  Hartsville,  there  have 

been  periods  of  prolonged  zero  floir.  In  fact,  zero  flow  has  occurred 

at  times  during  1948,  1951-57,  1959,  and  1961.  For  the  1962  water  year, 

the  mean  discharge  was  79*8  cfs.  The.  expected  minimum  7 consecutive  day 

flow  with  a frequency  of  recurrence  of  once  in  10  years  is  zero  based 

2 

upon  a study  of  past  records. 
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Water  Quality 

There  have  teen  no  water  quality  sampling  stations  located  on 
Clifty  Creek,  thus  no  information  is  available  as  to  the  actual  quality 
of  the  water  and  for  the  purpose  of  this  report,  it  is  assumed  Clifty  Creek 
rater  will  be  of  a similar  quality  to  that  of  Big  Blue  River  near  Carthage, 
Muscatatuck  River  near  Austin,  and  Laughery  Creek  near  Osgood.  Table  1^ 
lists  the  results  of  analysis  of  samples  collected  at  the  above  quality 
monitoring  stations  for  the  year  1962.  These  areas  were  selected  because 
of  their  similarity  and  proximity  to  the  Clifty  Creek  Basin.  There  are 
no  municipal  wastes  (raw  or  treated)  being  discharged  into  Clifty  Creek 
above  the  proposed  dam  site;  therefore,  it  is  mainly  for  this  reason 
that  the  quality  of  the  water  is  expected  to  be  acceptable  for  all 
legitimate  uses. 

Before  this  information  can  be  used  in  final  design,  the  rater 
quality  of  the  stream  must  be  determined  by  a program  of  sampling  and 
analyses . 


Pertinent  Data 

Storage  volumes  tentatively  selected  by  the  Corps  of  Engineers 
for  the  purpose  of  this  study  are  as  follows : minimum  pool  would  provide 

7,655  acre- feet  of  storage  at  elevation  705  feet  and  useable  seasonal 
storage  would  provide  10,860  acre-feet  of  rater  at  elevation  720  feet. 


*This  seasonal  water  storage  is  a temporary  storage  provided  in 
the  lower  part  of  the  flood  control  pool  in  the  summer  months  when  flood 
control  storage  needs  are  less. 
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Table  1^ 

water  Quality  Results* 
Monitoring  Stations  near  the 
Clifty  Creel:  Kescrvolr  Project 


Station 

Big 

near 

Min. 

Blue  River 
1 Carthage 
Max.  Avg. 

Laughery  Creek 
near'  Osgood 
Min.  Max.  Avg. 

Muscatatuck  River 
near  Austin 
Min . Max . Avg . 

Alkalinity  as  CaC03 

152 

301 

260 

56 

228 

153 

60 

174 

124 

Chlorides  as  Cl 

7 

27 

16 

3 

27 

11 

3 

24 

10 

Nitrates  as  N 

0.5 

5-4 

2.0 

0.1 

3-1 

0.7 

0.1 

2.2 

0.7 

pH 

7.3 

0.6 

. 0.1 

7.5 

8.8 

8.2 

7.0 

8.3 

7.8 

Specific  Conductance  421 

1105 

633 

158 

547 

362 

143 

513 

330 

Hardness  as  CaC03 

173 

370 

315 

08 

290 

178 

74 

214 

150 

Color 

5 

25 

10 

5 

4o 

20 

-5 

50 

15 

Turbidity 

5 

700 

55 

5 

500 

50 

5 

600 

65 

Susp . Matter 

2 

588 

56 

3 

422 

4i 

5 

845 

71 

Vol.  Susp.  Matter 

0 

108 

l4 

0 

42 

10 

0 

76 

12 

BOD 

0.6 

7-7 

2.3 

0.5 

6.2 

2.8 

1.3 

9-3 

3-2 

DO 

6.5 

12.8 

9-9 

fc.3 

14.0 

9.1 

0.0 

12.0 

7.0 

*Results  from  approximately  23  samples  per  station  collected  during  the 
year  1962.  All  results  are  given  in  mg/l  except  pH,  color,  turbidity 
and  specific  conductance.  The  latter  unit  is  in  U mhos /cm. 
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The  proposed  seasonal  pool  would  "be  filled  in  April  and  May  each  year 
and  would  he  held  at  or  as  near  as  possible  to  720  feet  considering  that 
water  must  he  discharged  from  the  reservoir  as  shown  on  Table  lU.  After 
Labor  Day,  the  seasonal  pool  would  be  drained  at  a rate  which  would  bring 
the  water  surface  to  the  minimum  pool  elevation  by  December  1. 
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IV.  DESCRIPTION  OF  STUDY  AREA 


Location  and  Boundaries 

Tiie  Clifty  Creek  Basin  is  located  in  the  southeastern  part  of 
the  State  of  Indiana,  approximately  10  miles  southeast  of  Indianapolis, 
and  lies  generally  in  a northeast  and  southwest  direction  (See  Figure  l). 
Clifty  Creek  has  a -.watershed  drainage  area  of  200  square  miles  in  parts 
of  four  counties:  Bartholomew,  Decatur,  Rush,  and  Shelby.  The  basin 

is  about  40  miles  in  length  and  varies  in  width  from  3 to  10  miles. 

Formed  by  the  merging  of  three  streams  (North  Branch,  Middle 
Branch,  and  South  Branch)  in  its  upper  reaches,  Clifty  Creek  extends 
southwesterly  to  its  junction  with  the  East  Fork,  White  River  just  south 
of  Columbus.  One  of  the  principal  tributaries  is  Fall  Fork,  which  enters 
Clifty  Creek  just  above  the  proposed  dam  site.  Duck  Creek,  another  main 
tributary,  enters  the  Clifty  Creek  about  5 miles  downstream  from  the 
proposed  dam.  Another  tributary.  Otter  Creek,  enters  Clifty  Creek  about 
8 miles  below  the  proposed  dam  site  and  south  of  the  small  community  of 
Petersville. 

Geography 

The  terrain  of  the  Clifty  Creek  Basin  is  generally  level  to  rolling. 
Near  the  mouth  of  the  stream,  the  topography  is  moderately  flat.  Around 
Hartsville  the  terrain  becomes  moderately  steep  and  gradually  levels  to 
rolling  topography  up  to  the  confluence  of  the  three  tributary  branches. 

The  branches  of  the  creel:  develop  in  moderately  stec;  terrain. 


Clifty  Creek  has  a fall  of  about  320  feet  in  a distance  of  approxi- 
mately 40  miles  from  its  beginning  at  the  confluence  of  the  contributing 
branches  to  the  Junction  with  the  East  Fork,  White  River.  More  than  70 
percent  of  this  fall  occurs  above  the  community  of  Hartsville  in  a distance 
of  about  20  miles. 

Due  to  the  above  features,  it  is  observed  that  Clifty  Creek  has 
one  of  the  highest  rates  of  runoff  of  any  gaged  stream  in  the  Upper  East 
Fork  of  the  White  River  Basin.*1' 

Climate 

Temperatures^  are  fairly  consistent  throughout  the  basin.  At 
the  lower  end  of  the  drainage  basin,  based  upon  78  years  of  record, 

Columbus  has  a mean  annual  temperature  of  5 4.4°,  a mean  monthly  high 
(July)  of  76.5°,  and  a mean  monthly  low  (January)  of  32.4°.  Near  the 
upper  end  of  the  Clifty  Creek  Basin,  Greenoburg,  with  6 5 years  record, 
has  a mean  annual  temperature  of  53*4°,  a mean  monthly  high  (July)  of 
75-9°,  and  a mean  monthly  low  (January)  of  31-°°-  'The  extreme  low  of 
35*0°  below  zero  was  registered  at  Greensburg  on  February  2,  1951* 

Precipitation  records ^ for  Columbus,  based  on  j8  years  of  record, 
list  a mean  annual  of  41.24  inches,  a mean  monthly  high  (June)  of  4.12 
inches,  and  a mean  monthly  low  (October)  of  2.51  inches.  Greensburg, 
with  66  years  of  precipitation  records,  has  experienced  a mean  annual 
precipitation  of  4l.06  inches,  a mean  monthly  high  (June)  of  4.32  inches 
and  a mean  monthly  low  (August)  of  2.57  inches. 
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Principal  Communities  and  Industries 

At  the  present  time,  only  one  incorporated  community,  Hartsville, 
is  located  within  the  Clifty  Creek  Basin.  Hartsville  borders  on  Clifty 
Creek  and  is  approximately  20  stream  miles  from  its  mouth.  The  city  of 
Columbus  and  the  communities  of  Greensburg  and  Hope  are  located  near  to 
and  will  be  affected  by  the  proposed  reservoir,  therefore  they  are  con- 
sidered in  this  report.  Columbus  is  situated  near  the  mouth  of  Clifty 
Creek,  and  a southeast  corner  of  the  city  lies  within  the  basin.  Hope 
is  located  k miles  northwest  of  the  proposed  reservoir  and  just  outside 
of  the  basin's  drainage  area.  Greensburg  is  outside  of  the  watershed 
and  approximately  12  miles  northeast  of  the  proposed  reservoir. 

The  majority  of  all  industrial  activity  is  located  in  or  near 
the  communities  of  Columbus  and  Greensburg  with  Columbus  having  the 
greater  amount.  An  engine  factory,  an  office  furniture  manufacturer, 
and  a canning  factory  are  some  of  the  larger  industries  in  Columbus. 
Greensburg  has  an  aluminum  and  brass  company  and  a packing  plant. 


Area  Included 


The  area  of  Influence  of  the  proposed  Clifty  Creek  Reservoir  Project 
includes  all  or  part  of  six  counties  in  southern  Indiana.  These  six 
counties  are:  Bartholomew,  Daviess,  Jackson,  Knox,  Lawrence,  and  Martin. 

Agriculture 

Farming  is  important  to  the  over-all  economy  of  the  study  area. 

In  i960,  agriculture  accounted  for  11,755  employees  or  16.2  percent  of 
all  employment  and  this  was  a decrease  of  2.6  percent  from  the  18.8  percent 
of  1950.  In  the  State,  agricultural  employment  had  declined  from  11.6 
percent  in  1950  to  6.5  percent  in  i960.  Value  of  farm  products  sold  in 
the  study  area  more  than  doubled  between  1939  and  1959  as  measured  in 
constant  dollars.  The  number  of  farms  in  the  area  declined  but  this  was 
in  line  with  the  National  trend  toward  the  consolidation  of  farms  into 
larger  units. 

Indices  of  Agricultural  Activity 
1939  - 1959 


Year 

Farms  ^Change 

Acres 

Harvested  Change 

Value  of 
Products  Sold* 

$ Change 

1939 

12,100 

590,000 

$26,300,000 

-59-0 

+5.0 

+109.0 

1959 

5,000 

620,000 

$55,000,000 

Expressed  in  constant  monetary  terms. 
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Mineral  Industries 

The  mineral  wealth  of  the  study  area  consists  of  clays,  coal,  cement, 
gypsum,  petroleum,  natural  gas,  sand,  stone,  and  gravel.  The  value  of  the 
mineral  output  from  the  six-county  study  area  vas  $18,695,000  or  9 percent 
of  the  State's  total  mineral  output.  There  were  2,100  workers  engaged  in 
mineral  activities  in  195° • In  i960,  there  were  only  750  workers  in  mineral 
activities.  The  750  workers  represented  only  1 percent  of  the  total  employ- 
ment in  the  study  area  in  i960. 


Value  of  Mineral  Output,  i960 

County 

Minerals 

Value  of  Output 

Bartholomew 

Stone 

$ 533,000 

Daviess 

Clay,  sand,  gravel 

261,000 

Jackson 

Clay,  sand,  gravel 

20^,000 

Knox 

Coal,  sand,  gravel 

3,75 9,000 

Lawrence 

Stone,  cement 

10,066,000 

Martin 

Gypsum,  clay,  stone 

Subtotal 

3,187,000 

$18,010,000 

Daviess 

Crude  petroleum 

327,000 

Knox 

Crude  petroleum 

Subtotal 

358,000 
$ 658,000 

Grand  Total  $18,695*000 


Manufacturing 

Manufacturing  accounted  for  about  29  percent  of  the  total  employ- 
ment in  the  study  area  in  i960  which  was  an  increase  of  only  2 percent 
over  1950  (See  Table  2).  However,  value  added  by  manufacture  in  1958 
totaled  $184,400,000,  an  increase  of  26, percent  over  1954  as  measured 
in  constant  dollars. 


The  distribution  of  manufacturing  plants  according  to  industry 
and  employee  size  is  shown  in  Table  3 • Over  half  of  the  plants  employed 
less  than  20  people  in  i960,  but  according  to  the  1958  Census  of  Manufactures, 
there  was  one  plant  in  the  area  which  employed  over  1,000  employees. 

Over  75  percent  of  manufacturing  employment  was  in  the  manufacture  of 
durable  goods.  The  non- electrical  machinery  industry  employment  more 
than  doubled  between  1950  and  I960,  and  with  5,526  employees  in  i960, 
employed  more  than  double  the  number  of  employees  of  any  other  industry 
in  the  durable  goods  category.  Each  of  those  industries,  however, 
employed  at  least  1,100  employees.  Food  and  kindred  products  and  apparel 
accounted  for  the  majority  of  employment  in  the  non-durable  goods  category. 

Table  4 summarizes  the  manufacturing  plant  information  from  the 
1958  Census  of  Manufactures  in  each  county  and  indicates  the  possible 
high  water  intake  plants  and  potential  waste  producers.  All  plants  are 
included  which  had  over  100  employees  and  whose  4-digit  Standard  Industrial 
Classification  code  industry  is  included  in  the  listing  of  industries 
with  an  intake  of  over  20  million  gallons  per  year  in  the  Industrial 


t 

' 


* 


16 


Table  2 


Industrial  Labor  Force 
Clifty  Creek  Reservoir  Project 

1950  - i960 


1950 

cjo  of  C.E.a 

i960 

% of  C.E.a 

Total  Civilian  Employment 

68,219 

100.0 

72,725 

100.0 

Agriculture 

12,795 

18.8 

11,755 

. 16.2 

Mining 

2,069 

3.0 

748 

1.0 

Construction 

3,256 

4.8 

3,843 

5-3 

Non- Commodity  Industries 

31,542 

46.2 

35,038 

48.2 

Transportation^ 

4,889 

7.2 

3,631 

5-0 

Trade 

12,410 

18.2 

12,988 

17-9 

Finance 

1,120 

1.6 

1,633 

2.2 

Services 

7,538 

11.0 

10,200 

l4.o 

Government 

5,585 

8.2 

6,586 

9-1 

Manufacturing 

18,557 

27.2 

21,341 

29-3 

Durables 

13,635 

20.0 

16,228 

22.3 

Furniture- Lumber- Wood 

2,522 

3-7 

1,960 

2.7 

Primary  Metals 

1,947 

2.9 

l,6l8 

2.2 

Fabricated  Metals 

915 

1-3 

l,l6l 

1.6 

Non-Electric  Machinery 

2,200 

3-2 

5,526 

7.6 

Electrical  Machinery 

2,993 

4.4 

2,323 

3-2 

Transportation  Equipment 

946 

1.4 

i,4oo 

1-9 

Miscellaneous 

2,112 

3.1 

2,240 

3-1 

Non- Durables 

4,922 

7.2 

5,113 

7.0 

Food  & Kindred  Products 

1,642 

2.4 

1,495 

2.1 

Textiles 

343 

• 5 

13 

— 

Apparels 

1,345 

1-9 

1,421 

1-9 

Printing  & Publishing 

321 

• 5 

569 

.8 

Chemicals 

547 

.8 

907 

1.2 

Miscellaneous 

724 

1.1 

708 

1.0 

aCivilian  Employment 

^Includes  Communications  and  Utilities 
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BARTHOLOMEW  COUNTY 


Industry 


Table  4 

Summary  of  Manufacturing  Plants 
by  Selected  Counties,  I95& 
Clifty  Creek  Reservoir  Project 


70  Plants 

16  over  100  Employees 
High  Water  Intake  Plants 


Humber  Employment 


National  Average  Water 
Intake  per  Employee  per 


Code 

Description 

Plants 

Range 

Year  in  Gallons 

2033 

Canned  Fruits  & Vegetables 

1 

100-249 

552,000 

3111 

Leather  Tanning  & Finishing  1 

100-249 

655,000 

3321 

Gray  Iron  Foundries 

1 

500-999 

489,000 

2021 

Creamery  Butter 

1 

1-19 

1, 724,000 

2094 

Grease  & Tallow 

1 

1-19 

1,786,000 

2421 

Sawmills  & Planning  Mills 

4 

1-19 

2,852,000 

3273 

Ready-Mixed  Concrete 

1 

20-49 

1,386,000 

Potential 

Waste 

Producers 

2011 

Meat  Packing 

1 

1-19 

582,000 

2015 

Poult ry  Dressing 

1 

1-19 

422,000 

2015 

Poultry  Dressing 

1 

20-49 

422, 000 

2026 

Fluid  Mills 

1 

1-19 

356,000 

48  Plants 

10  over  100  Employees 


JACKSOII 

COUNTY  High  Water 

Intake  Plants 

2631 

Paperboard  Mills 

1 

100-249 

8,840,000 

2421 

Sawmills  & Planning  Mills 

7 

1-19 

2,852,000 

2821 

Plastic  Materials 

1 

100-249 

2,810,000 

2834 

Pharmaceutical  Preparations 

1 

100-249 

422,000 

2392 

Explosives 

1 

50-99 

1,355,000 

3273 

Ready-Mixed  Concrete 

1 

1-19 

1,386,000 

3717 

Motor  Vehicles  & Parts 

2 

100-249 

242,000 

3717 

Motor  Vehicles  & Parts 

1 

250-499 

242,000 

Potential  Waste 

Producer s 

2011 

Meat  Packing 

1 

1-19 

582,000 

2015 

Poultry  Dressing 

1 

1-19 

422,000 

2026 

Fluid  Mills 

1 

50-99 

356,000 

2033 

Canned  Fruits  u Vegetables 

1 

50-99 

352,000 

2042 

Prepared  Animal  Feeds 

1 

20-49 

584,000 

^Standard  Industrial  Classification  code. 
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Water  Use  Survey,  1958  Census  of  Manufactures . Plants  with  fever  than 
100  employees  are  listed  only  if  thi  I dustrial  water  Intake  per  employee 
for  their  SIC  category  was  very  high,  as  shown  in  Table  4. 

Non- Commodity  Industries 

Non- commodity  employment  in  the  study  area  made  up  about  the  same 
proportion  of  48.2  percent  total  employment  as  it  did  in  the  state  in 
I960.  It  had  increased  2 percent  in  ten  years  as  compared  to  a 2.8  percent 
increase  in  the  state,  but  there  had  been  some  changes  in  the  importance 
of  the  different  industries  in  the  group.  Transportation  employment  had 
declined  2.2  percent  -which  service  employment  had  increased  3 percent. 

Income 

Median  family  income  in  the  study  area  was  $4,6l6*  in  195 9 j an 
increase  of  86  percent  over  1949*  The  state  median  family  income  in  1959 
was  $5,798  with  an  increase  of  80  percent  over  1949-  Income  in  the  area 
has  been  gaining  on  the  higher  income  figure  in  the  state  but  is  still 
behind.  However,  because  many  of  the  families  in  the  study  area  are 
associated  with  farming  and  get  a portion  of  their  income  in  farm  products 
vhich  are  not  included  in  the  Census  income  figure,  the  real  income  in 
the  area  may  not  be  as  low  as  indicated  by  the  difference  between  the 
state  and  study  area  figures. 


+ Census  of  Population 
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Population 

The  growth  of  population  for  the  decades  from  1930  through  i960 
has  been  on  a modest  upward  sweep.  The  1930  Census  tabulated  163,926 
residents  in  the  study  area,  which  comprised  5-1  percent  of  Indiana's 
population.  At  the  end  of  i960,  population  had  climbed  18  percent  since 
1930  to  194,123,  representing  4.2  percent  of  the  state  population.  For 
those  years  (1930-1960)  population  growth  in  the  basin  outpaced  the 
national  growth  rate  of  11.4  percent,  but  was  outdistanced  by  Indiana's 
growth  rate  of  22  percent. 

Hie  study  area  remains  under- urbanized  compared  to  the  State  of 
Indiana  and  to  the  Nation.  At  the  i960  Census,  43.6  percent,  or  84,689, 
of  the  area's  population  was  classified  as  urban;  56.4  percent  was  classi- 
fied as  rural-farm  and  rural  non-farm  However,  in  Indiana  urbanization 
was  reported  at  62.4  percent  and  the  Nation  urbanized  sectors  accounted 
for  70  percent  of  the  population. 

Of  the  seven  cities  in  the  economic  study  area,  five  have  popula- 
tions in  excess  of  10,  00.  Columbus  is  the  largest  city  with  a population 
of  20,778  in  i960. 

Projected  Economy 

Projections  of  the  economy  of  the  C.lifty  Creek  study  area  viere 
derived  from  determining  historical  trend  relationships  between  the  study 
area  and  the  state,  and  projecting  those  relationships  using,  as  the  basis, 
projections  for  the  state  prepared  by  the  National  Planning  Association, 
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Washington,  D.  C.  Past  trends  were  modified  in  accordance  with  judgment 
"based  on  additional  information.  These  projections  are  of  a preliminary- 
nature  and  may  he  modified,  if  necessary,  upon  receipt  of  the  Arthur  D. 
Little  Company  economic  "base  study  report  for  the  Ohio  River  Basin 

Employment  Projections 

Table  5 shows  employment  projections  to  1976.  Manufacturing 
employment  is  projected  to  increase.  Employment  in  commodity  production, 
however,  will  decline  as  a proportion  of  aggregate  labor  force.  Non- 
commodity and  service-utility  industries  will  gain  more  prominence  in 
employment  size  and  in  percentage  share  of  the  over-all  labor  force. 

Population  Projections 

Population  growth  is  projected  to  surpass  past  performance  (See 
Figure  II).  The  study  area,  though  not  expected  to  match  national  and 
state  rates  of  growth, . will  experience  population  expansion.  In  2010, 
the  study  is  expected  to  number  about  330,000  in  population  which  is 
an  increase  of  37-5  percent  compared  to  the  i960  Census  of  240,000. 

Table  6 lists  projections  for  major  urban  districts  within  the 


basin.  It  is  anticipated  that  future  growth  will  concentrate  in  those 
areas  vhere  present  population  density  is  most  pronounced. 


i 


* 
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Table  5 

Economic  Projections 
Clifty  Creek  Reservoir  Project 
I960  - 1976 


I960 

$ of  C.E.a 

1976 

$ of  C.E.a 

Total  Civilian  Employment 

72,725 

100.0 

96,160 

100.0 

Agriculture 

11,755 

16.2 

8,800 

9-1 

Mining 

748 

1.0 

700 

•7 

Construction 

3,843 

5.3 

6,500 

6.8 

Non-Commodity  Industries 

35,038 

48.2 

53,ooo 

55-2 

Transportation'3 

3,631 

5.0 

5,000 

5-2 

Trade 

12,988 

17.9 

19,500 

20.3 

Finance 

1,633 

2.2 

2,400 

2-5 

Services 

10,200 

14.0 

16, 700 

17-4 

Government 

6,586 

9-1 

9,4oo 

9.8 

Manufacturing 

21,341 

29.3 

27,160 

28.2 

Durables 

16,228 

22.3 

21,350 

22.2 

Furniture- Lumber- Wood 

1,960 

2.7 

1,800 

1.9 

Primary  Metals 

1,618 

2.2 

1,850 

1-9 

Fabricated  Metals 

1,161 

1.6 

1,500 

1.6 

Non- Electric  Machinery 

5,526 

7-6 

7,500 

7.8 

Electrical  Machinery 

2,323 

3-2 

3,500 

3.6 

Transportation  Equipment 

i,4oo 

1.9 

2,200 

2.3 

Miscellaneous 

2,240 

3-1 

3,000 

3-1 

Non- Durables 

5,H3 

7.0 

5,810 

6.0 

Food  & Kindred  Products 

1,495 

2.1 

1,900 

2.0 

Textiles 

13 

— 

10 

— 

Apparels 

1,421 

1.9 

700 

• 7 

Printing  & Publishing 

569 

.8 

1,100 

1.1 

Chemicals 

907 

1.2 

1,200 

1.2 

Miscellaneous 

708 

1.0 

900 

•9 

aCivilian  Employment 

“includes  Communications  ana  Utilities 
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VI . WATER  REQUIREMENTS 


As  the  population  increases  and  industrial  growth  occurs,  greater 
demands  will  he  made  for  water.  Hence,  the  growth  projected  in  the  pre- 
ceding section  supports  the  projections  of  increased  water  needs. 


Past  and  Present  Water  Use 
Municipal 

Presently  there  are  no  public  water  supplies  within  the  basin, 
but  there  are  three  municipalities  just  outside  of  the  basin  and  within 
its  influence  that  do  have  public  water  supplies.  These  communities  are 
Columbus,  Greensburg,  and  Hope.  Their  water  use  is  listed  in  Table  7-^ 

Industrial 

In  the  past,  the  major  portion  of  industrial  water  consumption 
has  been  supplied  from  municipal  systems.  Presently  there  are  a few 
moderately  heavy  industrial  water  users  that  have  their  own  water  systems. 
These  industries  obtain  their  supplies  from  well  fields.  No  data  are 
available  at  this  time  from  self-supplied  industries  pertaining  to  the 
quantity  or  the  pro- treatment  of  water  supplies  for  industrial  use. 


Water  Pollution  Control 

The  communities  of  Columbus  and  Greensburg  are  the  only  munici- 
palities within  the  influence  of  the  Cli  flyGrcoh'Basin  that  presently 
have  waste.  ireatmerrETTacilities  • Table  01  lists  information  pertaining 


to  these  treatment  facilities. 


Municipality 


Columbus 


I960 

Pop. 


20,778 


Rated  Average 

Source  Treatment  Plant  Plant  Demand 

Capacity  Output 

(mgd)  (mgd)  (gpcd) 

Iron  removal 

Wells  Filtration  6.00  3.50  168 

Chlorination 


Greensburg 

Hartsville 


Wells  and 

6, 609  Flatrock  Creek 


Iron  removal 

Filtration 

Chlorination 


399  (No  municipal  rater  system) 


2.00 


1.00 
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Table  8 

Municipal  Waste  Treatment^ 
Clifty  Creek  Reservoir  Project 


Municipality 

I960 

Pop. 

Design 

Flov 

(mgd) 

Average 

Flow 

(mgd) 

Treatment 

Discharge  to 

Columbus 

20,778 

5.30 

3.89 

Activated  sludge 
Chlorination 

East  Fork, 
White  River 

Greensburg 

6,605 

0.80 

0.70 

Activated  sludge 

Chlorination 

Sand  Creek 

k 


At  the  present  tine  the  community  of  Hope  has  no  waste  i/ater 
treatment  works . However,  the  town  does  have  a combined  sewer  system 
which  discharges  the  liquid  wastes  of  the  community  into  Haw  Creek,  a 
tributary  of  the  East  Fork,  White  River.  It  is  expected  that  in  the 
future,  Hope  id.ll  construct  a municipal  vaste  treatment  plant  that  id.ll 
discharge  its  effluent  into  Haw  Creek. 

It  is  expected  that  Greensburg  will  continue  to  discharge  treated 
wastes  to  Sand  Creek,  a tributary  of  the  East  Fork  of  vJliite  River. 


Therefore,  the  municipal  wastes  of  the  town  will  present  no  area  of 
concern  for  water  quality  control  with in  the  Clifty  Creek  Basin. 

The  community  of  Harfcsville  has  no  sewerage  system  at  this  time, 
but  it  is  expected  that  the  community  will  provide  vaste  treatment  facili- 
ties when  its  waste  load  becomes  sufficiently  great  to  compel  construction. 

The  effluent  from  such  a plant  could  conceivably  enter  the  proposed  reservoir. 

Columbus  now  discharges  its  treated  effluent  into  the  East  Fork, 

White  River.  This  plant  also  treats  the  wastes  from  Bakalar  Air  Force 
Base  located  north  of  the  city  of  Columbus. 

Several  industries  within  the  study  area,  but  outside  of  the  Clifty 
Creek  drainage  basin,  have  their  own  treatment  facilities.  The  discharges 
from  these  treatment  works  do  not  enter  into  the  watershed  of  Clifty  Creek . 


Existing  Sources 

As  previously  mentioned,  there  are  no  municipal  water  systems 


within  the  basin  itself  but  for  those  communities  near  the  basin,  walls 
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are  the  chief  source  of  public  water  suppiy.  Generally  ground  water  of 
good  quality  and  dependable  quantity  becomes  mere  as irgl y difficult  tv. 

Q 

obtain  proceeding  upstream  in  the  basin  Information  furnished  by  the 

U.  S.  Geological  Survey  indicates  that  the  ground  water  is  oumped  from 

sand  and  gravel  and  bedrock  aquifers.  The  bedrock  aquifers  are  usually 

of  limestone  and  yield  from  less  than  20  to  more  than  100  gpm  (gallons 

per  minute)  with  a dissolved  solids  tot3l  of  less  than  600  mg/1  (m;lli-  1 

grams  per  liter).  The  sand  and  gravel  qquifers  yield  from  20  to  more 

than  a 1000  gpm  with  a dissolved  solids  total  of  less  than  350  mg/1. 

A detailed  study  of  the  availability  of  ground  water  at  Columbus 
will  be  required  before  a more  accurate  statement  can  be  made  concert. nung 
the  uses  of  ground  water  ir<  that  area. 

Columbus,  prior  to  1951,  obtained  its  water  supply  from  the  Fa~t 
Fork,  White  River.  The  change  to  ground  water  supplies  was  made  due  to 
the  savings  in  cost  of  building  a new  iron  removal  plant  and  uti'izss.g 
wells  as  compared  to  remodeling  of  the  then  existing  obsolete  surface 
water  treatment  plant  The  maximum  dependable  draft  from  the  present 
well  field  is  reported  to  be  about  6-0  mgd^  from  sand  and  gravel  aquifer 

The  community  of  Hope  obtains  its  ground  water  from  sand  and  gr  n i 1 
and  bedrock  aquifers  This  present  well  system  has  an  estimated  maximum 
dependable  draft  of  0 50  mgd . ^ This  amount  is  becoming  insufficient  co 
meet  Hope's  increasing  demands 


t 


•- 


I 


I 
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Twelve  miles  northeast  of  the  proposed  reservoir  and  just  outside 
of  the  Clifty  Creek  Basin  is  the  community  of  Greensbure.  The  public 
rater  system  is  supplied  from  veils  located  in  sand  and  c^avel  and  bed- 
rock aquifers,  and  an  iirpoundraent  of  Flatrocl;  Creek . Impounded  safe 
yield  and  the  maximum  dependable  ground  water  draft  has  been  recorded 
as  2.0  mgd  and  1.0  mgd  respectively.^1 

The  ranees  of  raw  neater  quality  for  the  municipalities  of  Columbus, 
Greensbure,  and  Hope  are  listed  in  Table 

Additional  Water  Needs 

Municipal 

The  rater  demand  for  the  communities  in  or  near  the  Clifty  Creel; 
Basin  will  vary  with  the  economy  of  the  area  and  with  the  availability 
of  rater.  Table  10  lists  the  communities  and  shows  estimated  future 
per  capita  and  municipal  use.  This  table  is  based  upon  the  best  estimates 
of  rater  use  that  can  be  made  at  this  time.  If  more  detailed  and  reliable 
data  become  available,  it  may  become  necessary  to  revise  this  tabulation. 

Table  10  includes  such  light  industrial  rater  users  that  nay  be 
expected  to  be  served  from  municipal  supplies. 

Future  population  figures  for  the  communities  of  Hartsville  and 
Hope  are  not  based  upon  any  economic  factors  and  are  not  to  be  inferred 


! 


as  population  projections  or  predictions . 
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Table  9 

Quality  of  Municipal  Water  Supplies 
(Ray  Water)  an.  thin  the  Influence  of  the 
Clifty  Creek  Reservoir  Project 


Municipality 

Columbus 

Greensburg 
Surface  Ground 
Water  Water 

Hope 

ph 

7.1 

7-9 

7.6 

7.1 

Color 

0-15 

30 

0-35 

0-5 

Turbidity 

7 

2500 

15 

0-10 

Hardness  as  Ca.Co3 

(mg/liter) 

320 

132 

450 

280-410 

Calcium  as  Ca 

(mg/liter) 

80 

115 

100 

Magnesium  as  Mg 

(mg/liter) 

30 

4o 

35 

Sodium  as  Ila 

(mg/liter) 

2 

10 

7 

Potass ium  as  K 

(mg/ liter) 

1 

1 

1 

Iron  as  Fe 

(mg/liter) 

1-3 

2.6 

2.7 

0-0.3 

Manganese  as  Mn 

(mg/liter) 

0.2 

0.4 

0 

Alkalinity  (total)  as  CaC03 

(mg/liter) 

260 

102 

360 

250-360 

Chlorides  as  Cl 

(mg/liter) 

6 

4 

11 

5-15 

Sulfates  as  So4 

(mg/liter) 

50 

05 

55 

Nitrates  as  N 

(mg/liter) 

- 1 

- 2 

- 2 

0-4.4 

Fluorides  as  F 

(mg/liter) 

0.1 

0.3 

0.3 

o.i-o.; 

"1  Garble 
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Future  Municipal  Water  Supply  Requirements 
Clifty  Creek  Reservoir  Project 


1 


Industrial 

The  majority  of  industrial  water  needs  will  continue  to  he  satisfied 
from  municipal  sources.  If  any  industries  using  large  volumes  of  rater  are 
attracted  to  the  has in,  the  rater  use  would  increase  at  a rate  greater  than 
that  computed  for  the  municipal  needs.  The  industrial  needs  for  the  larger 
communities  of  Columbus  and  Greensburg  are  listed  in  Table  11.  These 
communities  are  within  the  influence  of  the  Clifty  Creek  Basin  and  repre- 
sent the  locale  where  moderately  large  industrial  rater  users  would  most 
likely  locate.  The  tabulation  for  industrial  rater  requirements  is  based 
upon  the  best  estimates  that  can  be  made  at  the  present  time.  Revision 
of  this  table  may  be  required  as  further  data  become  available. 


Water  Quality  Objectives 

The  rater  quality  objectives  used  as  a basis  for  determination 
of  need  for  storo.ge  for  regulation  of  streamflow  for  purpose  of  rater 
quality  control  are  all  related  to  the  downstream  land  uses  and  instream 
uses  of  the  waters,  there  proper  quality  is  not  maintained,  possible 
economic  benefits  may  be  foregone  and  the  public  health  may  be  endangered. 
The  objectives  used  in  evaluating  quality  conditions  in  the  East  Fork, 
White  River  belov  Clifty  Creek  have  been  based  on  East  Fork,  \hite  River's 
use  as  a source  of  raw:  water  for  Seymour,  Indiana,  preservation  of  aquatic 
life,  and  present  and  future  general  recreational  use.  Clifty  Creek  flows 
through  a desirable  residential  area  of  Columbus,  Indiana.  If  a waste 


treatment  plant  is  built  along  Clifty  Creek,  there  must  be  an  adequate 


i 


' . 
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quantity  of  good  quality  of  receiving  waters  to  accept  the  treated  vastes, 
in  order  that  the  stream  he  esthetically  acceptable  and  that  no  offensive 
odors  be  caused  from  further  degradation  of  treated  wastes . 

The  bacterial  coliform  content  is  not  used  as  an  objective  which 
could  be  achieved  by  additional  storage  for  regulation  of  streamflow. 

Chlorination  of  treated  effluent  is  considered  to  be  the  cheapest  solution. 

However,  it  should  be  recognised  that  not  all  wastes  containing  bacteria  ■ ! 

are  collectable,  for  instance  storm  vater  overflows  and  street  washings. 

The  distance  (time  of  travel)  between  the  w/aste  treatment  outfall 
and  the  nearest  dowmstream  water  intake  for  municipal  use  must  also  be 
considered.  Seymour,  Indiana  is  approximately  2J  miles  downstream  from 
Columbus , Indiana 

In  setting  water  quality  objectives  for  streams  for  protection 
of  aquatic  life,  mere  survival  is  not  enough.  The  minimum  level  selected 
should  be  suitable  for  the  continuous  maintenance  of  satisfactory  fish 
life  and  fish  food  organisms.  Objectives  are  therefore  based  upon  the 
environmental  requirements  of  the  fish  species  present  in  the  river. 

On  the  basis  of  Public  Health  Service  studies  in  the  Cincinnati  area, 
it  ms  concluded  that  for  a well-rounded,  warm  water  fish  population, 
dissolved  oxygen  concentrations  should  not  be  below  5 mg/l  for  more  than 
8 hours  per  day  of  any  24-hour  period. 

Based  upon  the  location  of  the  raw  water  intake  of  Jeymour,  Indiana; 
the  need  to  perpetuate  a warm  water  fish  habitat,  the  use  of  the  East 


Fori;,  White  River  for  general  recreation,  and  the  need  to  make  Clifty 
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Creek  esthetically  acceptable  to  the  residential  population  of  Columbus, 
Indiana,  the  following  water  quality  objectives  have  been  used  in  deter- 
mination of  needs  for  storage: 

1.  Dissolved  oxygen — a minimum  of  4 mg/l  and  an  objective 
of  5 rng/l. 

2.  Biochemical  oxygen  demand — not  more  than  5 mg/l. 

3-  The  waters  should  not  contain  any  toxic,  taste-producing, 
or  otherwise  harmful  substances,  or  organisms  not  readily 
and  completely  removable  by  ordinary  water  treatment. 

Raw  waters  should  be  free  of  excessive  amounts  of  acid, 
microscopic  organisms,  and  organic  matters  causing  any 
interference  with  normal  operation  and  efficiency  of 
:ra.ter  treatment  processes. 

4.  The  waters  released  from  the  proposed  Clifty  Creek 
Reservoir  should  be  of  the  best  quality  available  in 
the  reservoir  during  the  critical  hot  summer  and  fall 
season.  This  objective  could  be  achieved  by  the  use 
of  multi-level  outlets;  one  in  the  upper  levels,  one 
at  mid-depth,  and  one  in  the  1 over  levels.  Such  dis- 
charges would  assist  in  making  Clifty  Creek  esthetically 
acceptable  in  the  re:  idential  area  of  East  Columbus, 


Indiana. 
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Water  Quality  Control 

It  is  assumed  in  this  preliminary  evaluation  that  all  municipal 
and  industrial.  -.Tastes  discharged  into  Clifty  Creek  iri.ll  he  treated  to 
the  extent  that  85  percent  of  the  5 day  20°C  Biochemical  Cxygen  Demand 
(BOD)  iri.ll  he  removed.  Quantities  of  water  required  for  water  quality 
control  are  confuted  on  the  premise  that  such  treatment  will  he  provided. 

Kartsville,  as  it  begins  to  grow  at  a greater  rate  than  in  the 
past  because  of  its  location  on  the  proposed  reservoir,  will  require  waste 
treatment  facilities.  This  community  i.-ould  then  discharge  its  adequately 
treated  effluent  into  the  watershed  of  the  proposed  reservoir. 

The  communities  of  Greensburg  and  Hope  would  continue  to  use 
other  streams  outside  of  the  Clifty  Creel:  Basin  for  the  receiving  of 
treated  municipal  wastes. 

Hie  area  in  Clifty  Creek  which  will  he  of  greatest  concern  after 

construction  of  the  proposed  reservoir  will  he  below  the  -uth  of  Duck 

1 Creek  and  near  the  vicinity  of  Columbus,  Indiana.  The  city  is  presently 

experiencing  a growth  toward  the  east  and  in  the  watershed  of  Clifty 

Creek.  This  eastward  growth  is  expected  to  continue  for  come  tine. 

Consultants  for  the  city  have  made  a study  and  recommend  that  a waste 

water  treatment  plant  he  located  on  Clifty  Creek  to  serve  this  growing 
10 

area . 

Table  12  lists  the  minimum  needs  for  water  quality  control  in 


the  Clifty  Creek  Basin. 


Table 


About  27  miles  downstream  from  Columbus  on  the  East  Fork,  White 
River,  the  community  of  Seymour  obtains  its  water  supply  from  the  river. 
Therefore,  the  quality  of  water  in  the  East  Fork,  White  River  must  be 
satisfactory  for  Seymour's  need  which  may  become  as  much  as  6 mgd  based 
on  the  predicted  population  for  the  year  2010.  The  flow  release  from  the 


proposed  reservoir  augmented  by  the  flows  of  downstream  tributaries  on 
Clifty  Creek  will  supplement  the  natural  flow  of  the  East  Fork,  White 
River  thereby  providing  more  water  for  the  dilution  of  wastes  discharged 
at  Columbus.  This  dilution  should  be  sufficient  to  give  the  stream  assimila- 
tive properties  to  provide  satisfactory  water  quality  for  the  Seymour 
water  supply. 


Summary  of  Needs 

The  following  table,  Table  13,  gives  a summary  of  the  needs  for 
water  supply  and  for  quality  control  in  the  Clifty  Creek  Basin. 

The  range  of  needs  for  water  for  quality  control  shown  in  Table  13 
are  for  the  summer  season  in  Clifty  Creel:.  An  indication  of  the  seasonal 
variation  in  Llicse  water  quality  needs  is  given  in  Table  l4 . 


Plan  for  Supplying  Future  Requirements 

The  dependable  ground  water  draft  and  impounded  storage  is  expected 
to  be  sufficient  to  satisfy  Greens! urg ' r.  municipal  needs  although  the 
industrial  needs  may  be  as  much  as  1.5  mgd  by  2010.  It  is  believed  that 
enlargement  of  the  existing  well  field  or  impoundment  can  supply  this 


additional  need. 


b ■ 
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Table  13 

Summary  of  Heeds 
Clifty  Creek  Reservoir  Project 


Community 

I960 

(mgd). 

1976 

(mgd) 

2010 

(mgd) 

Ilartsville 

Municipal  Water  Supply 
Desicn  Flo1./  and  Storage 

— 

0.0k 

to  .06 

. 1 to  .2 

Additional  Heed 

— 

0.0k 

to  .06 

. 1 to  .2 

Greensburg 

Municipal  Hater  Supply 

Maximum  Dependable  Draft  and  Storage 

1.00 

3-0 

1.7  to  1.8 
3.0 

3*0  to  3.4 
3*0 

Additional  Heed 

— 

-- 

0 to  O.k 

Industrial  Water  Supply 

— 

0.8 

to  0.9 

1.5  to  1.7 

Total  Heed 

— 

— 

1.5  to  2.1 

Hope 

Municipal  Water  Supply 
Maximum  Dependable  Draft 

0.08 

0.5 

.15 

to  .2 
0.5 

.5  to  .6 
0.5 

Additional  Heed 

— 

— 

0 to  0 . 1 

Columbus  (Columbus  Township) 
Municipal  Water  Supply 
Maximum  Dependable  Draft 

3-5 

6.0 

7.0 

to  8.0  14.6  to  16.4 
6.0  6.0 

Additional  Heed 

— 

1.0 

to  2.0 

8.6  to  10.4 

Industrial  Water  Supply 

-- 

3.5 

to  4.0 

7.3  to  8.2 

Total  IJeed 

__ 

^•5 

to  6.0 

15.9  to  18.6 

Columbus  ( Colunbus  Township ) 

Quality  Control  Heed 

To  Deceive  Wastes  from.  Eastern 
Sector  of  City 

Design  Flow  (Clifty  Creel^  Seven 
day  once  in  ten  years)'1' 

0 

6.5 

to  7-2 
0 

9.1  to  12.9 
0 

Additional  Heed  in  Clifty  Creek 

— 

6.5 

to  7*2 

9.1  to  12.9 

. 
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Table  13  (Continued) 

Summary  of  Meeds 
Clifty  Creek  Reservoir  Project 


Community 

i960 

(mgd) 

1976 

(mgd) 

2010 

(mgd) 

To  Receive  Wastes  from  Entire 
Columbus  Area 

— 

48  to  55 

103  to  113 

Design  Flow  (East  Fork,  White  River 
at  Columbus  - Seven  consecutive  day 
once  in  ten  years)2 

49 

49 

49 

Total  Need  for  Quality  Control 

— 

0 to  6 

54  to  64 

Water  Needs  from  proposed  reservoir 
and  flow  of  downstream  tributaries 

6.5  to  7-2 

9.1  to  12.9 

Draft  on  storage  in  the  year  2010  to  assure  the  above  flows  is  estimated 
to  be  11,000  acre- feet. 


r : — ’ 
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Table  l4 

Seasonal  Variation  in  Water 
Quality  Control  Heeds 
Clifty  Creek  Reservoir  Pro.ject 


Season 

Minimum  Seasonal 
1 976 

Weed  in  CFS 
2010 

Winter 

6 

10 

Spring 

7 

12 

Summer 

12 

20 

Fall 

12 

20 

The  community  of  Hope  will  most  likely  expand  its  well  field  to 
accommodate  the  future  additional  needs.  However,  if  the  community  does 
choose  surface  supplies  for  its  water  needs,  it  could  probably  construct 
or  utilize  impoundments  close  to  Hope  more  economically  than  it  could 
use  the  proposed  reservoir. 

Columbus  is  expected  to  continue  using  ground  water  as  long  as 
dependable  quantity  and  satisfactory  quality  exist.  If  the  need  should 
arise  for  the  return  to  surface  water  supplies,  the  city  would  utilize 
the  East  Fork, White  River  as  its  source.  The  minimum  daily  discharge 
since  19^8  of  the  East  Fork,  Vhite  River  at  the  gaging  station  at  Columbus 
was  07  cfs.  This  quantity  would  provide  ample  supply  for  the  city's  needs. 

Hartsville,  as  previously  mentioned,  does  not  have  a municipal 
water  system  at  the  present  time.  As  the  community  grows  and  reaches 
the  point  There  a municipal  i/ater  system  becomes  necessary,  it  could 
utilize  the  proposed  reservoir  as  an  impoundment  for  its  water  needs. 

The  streanflow  requirements  needed  for  quality  control,  r,  shown 
in  Table  1^-,  are  based  on  the  premise  that  smaller  quantities  of  water 
are  needed  for  quality  control  during  the  winter  months.  Because  of 
lower  temperatures,  it  is  expected  that  inflow  from  downstream  tributaries 
will  contribute  a greater  amount  of  flow  to  Clifty  Creek  during  the  spring 
months  with  a resulting  increas  2 in  flow  available  for  assimilation  of 
adequately  treated  waste  water  from  the  eastern  sector  of  Columbus. 

Releases  from  the  seasonal  pool  of  the  proposed  Clifty  Creek  Reservoir 
would  be  increased  from  June,  when  the  seasonal  pool  is  scheduled  to  be 
filled,  to  the  end  of  November,  when  the  seasonal  pool  will  be  empty. 
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The  quantity  of  water  estimated  for  Clifty  Creek  is  needed  to 
prevent  the  adequately  treated  wastes  from  the  future  plant  on  Clifty  Creek 
from  degrading  the  water  quality  of  that  stream  so  that  it  is  esthetically 
undesirable  through  the  reach  expected  to  he  heavily  urbanized. 

The  releases  from  the  proposed  Clifty  Creek  Reservoir  will  enter 

* 

the  East  Fork,  White  River  about  2 miles  domstrear.i  from  the  present 
Columbus  disposal  plant.  At  the  mouth  of  Clifty  Creek,  the  ROD  loading 
on  the  East  Fork,  White  River  will  be  the  same  whether  one  or  two  sewage 
plants  are  used  for  Columbus. 

Because  of  the  need  for  satisfactory  water  supply  for  Seymour, 
a sufficient  flow  in  the  river  is  necessary  to  assimilate  properly 
treated  wastes  from  Columbus.  Even  though  8p  percent  of  the  BOD  is 
removed  from  the  ’.notes,  additional  water  is  needed  for  quality  control. 

It  is  anticipated  that  the  quantity  of  flow  available  from  releases  of 
the  seasonal  pool  wall  provide  the  additional  flow  unless  Columbus  changes 
- its  source  of  supply  bo  the  East  Fork,  White  River  as  its  sole  source. 

In  that  event,  a higher  degree  of  treatment  of  wastes  may  be  required  or 
a greater  quantity  cl'  water  will  be  needed  for  quality  control  purposes 
because  of  decrease  in  the  water  remaining  in  the  river. 

The  time  available  for  this  report  has  not  permitted  a study  to 
establish  a definite  need  in  specific  amount;  of  additional  water  for 
quality  control  purposes  in  f :•  s'-  . " , White  liver  as  a result  of 
Columbus  utilizing  the  river  a a water  supply  source . .hat  need  has 

. estimating  future  requirements. 


Evaluation  Method 

Due  to  time  limitations,  the  study  reported  herein  is  a preliminary 

I 

appraisal  of  needs  for  water  supply  and  for  water  quality  control.  It 


has  heon  determined  that  on  the  "basis  of  presently  available  information, 
existing  sources  for  water  will  he  sufficient  to  meet  the  anticipated 
future  needs  of  Columbus  for  municipal  and  industrial  purposes.  For  that 
reason,  only  water  quality  control  needs  in  the  Columbus  area  is  considered 
further  in  the  evaluation. 

Owing  to  the  distance  from  the  proposed  reservoir  to  Greenshurg, 
it  is  believed  on  the  basis  of  presently  available  information  that 
Greenshurg  can  expand  its  present  source  of  supply  more  economically 
than  it  can  obtain  water  from  the  proposed  reservoir. 

The  community  of  Hope,  which  is  situated  adjacent  to  and  northeast 
of  the  basin,  is  expected  to  require  additional  water  by  the  year  1976; 
but  it  is  believed  the  existing  well  field  can  be  enlarged  sufficiently 
for  the  anticipated  needs . If  surface  supplies  become  necessary,  an 
impoundment  closer  to  Hope  will  prove  to  be  more  economical  than  wrlll 
the  use  of  Clifty  Creek  Reservoir.  If  Hope  did  elect  to  use  the  proposed 
reservoir  for  a source  of  supply,  its  needs  would  be  so  small  as  to  be 
insignificant  with  respect  to  reservoir  storage  confutation.  Therefore, 
the  needs  of  that  community  are  not  considered  further  in  this  evaluation. 


Hartsville,  -which  is  situated  adjacent  to  the  proposed  reservoir 
site,  presently  has  no  municipal  supply.  If  this  community  should  elect 
to  use  a surface  -water  source  from  the  reservoir,  its  expected  rate  of 
consumption  would  be  small  and  would  have  little  effect  upon  the  water 
storage  needs  that  are  considered  in  the  reservoir  design. 

In  view  of  the  above  water  supply  conditions,  water  for  quality 
control  needs  in  the  Columbus  area  is  the  determining  factor  in  the 
evaluation  of  benefits.  The  benefits  that  idll  result  from  the  storage 
of  water  will  equal  the  difference  in  cost  of  adequate  waste  treatment 
with  one  treatment  plant,  a lift  station  at  Clifty  Creek,  and  a trunk 
sewer  from  the  lift  station  to  the  sewage  treatment  plant  as  compared 
to  the  cost  of  two  sewage  treatment  plants,  one  of  which  would  be  on 
Clifty  Creek. 


Alternate  Plans 

Two  general  procedures  of  disposing  of  adequately  treated  wastes 
from  Columbus  have  been  considered.  These  approaches  to  the  problem  are 
indicated  below. 

A.  Provide  a lift  station  and  trunk  sewer  to  the  min  Columbus 
sewage  treatment  plant  on  the  East  Fork  of  White  River. 

B.  Construct  a sewage  treatment  plant  on  Clifty  Creek  to 
eliminate  the  need  for  the  lift  station,  trunk  sewer, 
and  pimping  costs.  This  would  require  a sufficient  flow- 


in  Clifty  Creek  for  water  quality  control  purposes. 


w 
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Alternate  B affords  tvo  choices  of  obtaining  water  for  quality 
control  purposes.  Plan  B-l  would  provide  water  for  quality  control  from 
a single  purpose  reservoir  upstream  from  the  critical  area  which  is  do^/n- 
ntream  from  the  mouth  of  Duck  Creek . Plan  B-2  would  provide  rater  for 
quality  control  from  the  proposed  multipurpose  Clifty  Creek  reservoir. 

Plan  A would  require  treatment  of  all  wastes  In  a central  sewage 
treatment  plant  that  would  discharge  into  the  Past  Fork  of  White  River. 

As  discussed  previously,  the  flow  of  the  East  Fork,  White  River  at 
Columbus  is  not  sufficient  to  afford  proper  assimilation  of  adequately 
treated  wastes  from  Columbus  if  the  anticipated  water  supply  is  taken 
from  the  river  in  the  year  2010.  A quantity  of  water  which  will  assure 
5 mg/l  of  dissolved  oxygen  is  also  necessary  to  provide  water  for  quality 
control  in  the  river  between  Columbus  and  Seymour.  This  quantity  would 
assure  a proper  quality  for  the  raw  water  supply  for  Seymour,  Indiana. 

Plan  A would  afford  less  water  for  quality  control  than  Plan  B 
mi  less  a similar  amount  of  storage  to  that  afforded  by  Plan  B -..-ere 
provided  for  increasing  minimum  flown.  Plan  A also  would  require  the 
installation  of  a lift  station  in  the  eastern  sector  of  Columbus  that 
now  is  developing  along  Clifty  Crook,  and  it  would  require  the  installa- 
tion of  a trunk  sewor  from  the  lift  station  to  the  central,  treatment 
plant.  This  construction  has  been  estimated  to  cost  about  yl, 005, 000 
(1963  Construction  Cost  Index)  more  than  a treatment  plant  situated 
on  Clifty  Creek. 
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Plan  B-l  would  decrease  the  BOD  loading  imposed  on  the  Bast  Pork, 

White  River  between  Columbus  a:id  the  mouth  of  Clifty  Creek,  and  this 
vould  result  in  a bettei'  dilution  of  effluent  from  the  min  treatment 
plant.  Also,  "because  of  the  draft  on  storage  during  minimum  stages  of 
the  Creek,  the  flow  of  the  East  Fork,  White  River  "below  the  mouth  of 
Clifty  Creek  would  be  increased.  This  increase  would  result  in  some 
improvement  of  the  water  quality  of  the  river  downstream  from  the  mouth 
of  Clifty  Creek. 

Plan  1-2  would  offer  the  same  advantages  over  Plan  A as  w'ould 
Plan  B-l.  Because  the  needs  for  water  for  quality  control  can  be  satis- 
fied from  seasonal  storage  and  because  seasonal  storage  makes  possible 
multiple  use  of  identical  storage  space,  the  cost  of  storage  required 
for  Plan  B-2  will  be  more  economical  than  Plan  13-1.  For  these  reasons 
Flan  B-2  is  considered  the  most  logical  approach  to  satisfying  the  needs 
for  water  quality  control  in  Clifty  Creek  and  in  Bast  Fork,  White  River. 

The  combination  of  seasonal  storage  and  natural  flow  at  the  confluence 
of  Duck  Creek  wuld  assure  the  desired  flows  without  increasing  the  actual 
construction  coot  of  the  proposed  Clifty  Creek  Reservoir  other  than  for 
a special  multiple  level  outlet  structure  which  \rould  be  needed  to  assure 
the  discharge  of  the  desired  quality  of  water  from  the  reservoir. 

Water  Supply  Benefits 

It  is  not  anticipated  at  this  time  that  any  community  except  Ilartsville 
will  find  it  economically  advantageous  to  use  the  proposed  Clifty  Creek 
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Reservoir  as  a source  for  municipal  supply.  Because  Hartsville's  needs 
vould  not  cause  any  major  revision  in  storage  requirements  inasmuch  as 
its  adequately  treated  waste  water  would  he  returned  to  the  proposed 
reservoir,  water  supply  henefits  are  not  considered  to  he  significant  in 
this  analysis. 

Water  Quality  Control  Benefits 

Clifty  Creel;  will  need  water  for  quality  control  in  order  to  make 
possible  a separate  sewage  treatment  plant  on  Clifty  Creel;  for  the  eastern 
sector  of  Columbus.  A study  for  the  city  of  Columbus  made  by  an  engineering 
consulting  firm  has  indicated  that  a savings  of  about  $1,885,000  in  terms 
of  1963  dollars  would  result  from  the  construction  of  this  plant  instead 

of  a lift  station  and  trunk  sewer  to  the  plant  on  the  East  Fork  of  White 

River.  This  savings  adjusted  for  maintenance  and  operation  costs  and 
amortized  at  3 percent  for  a period  of  50  years  would  equal  an  annual 
cost  of  about  $73,000  per  year.  Consequently,  the  minimum  value  of 
benefits  to  Clifty  Creel;  from  the  release  of  water  from  the  proposed 
Clifty  Creek  Reservoir  would  be  $73 > 000  per  year  based  on  savings  to 
Columbus,  Indiana  on  elimination  of  trunk  sewers  and  lift  stations. 

The  release  of  this  water  from  the  proposed  seasonal  pool  vould 
increase  the  flow  of  the  East  Fork  of  White  River  and  increase  the  assimila- 
tive capacity  of  that  stream  from  the  mouth  of  Clifty  Creek  to  Seymour. 

As  a result,  the  water  quality  of  Seymour's  source  of  supply  would  be 


improved . A single  purpose  reservoir  with  a storage  capacity  equivalent 
to  that  of  the  seasonal  storage  of  the  proposed  Clifty  Creek  Reservoir, 
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. 11,000  acre-feet,  d be  expected  to  cost  about  $1,440,000 

(1963  Construction  Cost  Index).  Adjusted  for  operation  and  maintenance 
end  amortized  for  50  years,  the  $1, 440,000  in  cost  vould  be  equivalent 
to  an  annual  cost  of  about  $70,0.0,  ‘.Thus,  the  minimum  value  of  benefits 
to  the  East  For'.,  White  diver  above  Ceyinour  vould  be  about  $70,000  per 
year.  The  total  mininun  value  of  annual  benefits  to  Clifty  Creek  and 
to  the  East  Fork.,  White  River  vould  be  about  $143,000. 

The  f loirs  released  from  Clifty  Creek  also  vrauld  improve  the  water 
quality  over  its  present  quality  of  the  East  Fork, White  River  dovnstreani 
from  Seymour  and  the  White  River  to  the  Wabash  River  and,  to  a degree, 
the  quality  of  the  Wabash  River  to  the  Ohio  River. 

In  the  event  that  the  entire  water  supply  for  the  Columbus  area 
is  taken  from  the  East  Fork,  White  River,  releases  from  the  seasonal  pool 
will  not  be  sufficient  to  maintain  the  water  quality  at  a level  desirable 
for  use  as  a ■eat or  supply  by  Seymour.  II’  conditions  become  changed  to 
such  an  extent  that  more  vuter  is  needed  for  quality  control,  a re-evaluation 
of  benefits  can  be  made.  Additional  f.low  can  be  obtained  by  converting 
come  seasonal  storage  to  a conservation  pool.  Because  this  measure  would 
reduce  flood  control  benefits  to  sorio  small  extent  and  is  not  needed  at 
this  time,  it  should  avra.it  a definite  need. 
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I.  INTRODUCTION 


Authority 

Authority  to  conduct  studies  of  needs  and  value  of  water  for  municipal, 
industrial,  and  water  quality  control  purposes  is  provided  in  the  Federal 
Water  Pollution  Control  Act  (Public  Law  84-660,  as  amended  by  Public  Law 
87-88  in  1961)  and  in  the  Memorandum  of  Agreement,  dated  November  4,  1958, 
between  the  Department  of  the  Army  and  the  Department  of  Health,  Education, 
and  Welfare,  relative  to  the  Water  Supply  Act  of  1958  (Title  III  of  P.L. 
85-500  as  amended  by  P.L.  87-88). 

In  accordance  with  the  above  acts,  the  District  Engineer,  Corps  of 
Engineers,  Louisville,  Kentucky,  by  letter  dated  August  20,  1963,  requested 
the  U.  S.  Public  Health  Service  to  furnish  "...information  in  accordance 
with  the  work  plan  now  under  negotiation  for  your  studies  for  the  Wabash 
Basin  Comprehensive  Study...."  The  letter  cited  recommendations  by  the 
Indiana  Flood  Control  and  Water  Resources  Commission  and  further  stated 
"Your  confirmation  of  this  proposal,  or  differing  estimate  of  needs  and 
benefits,  perhaps  for  a range  of  storage,  will  be  needed  for  our  project 
formulation. ..." 

Because  of  time  limitations,  a preliminary  appraisal  study  only  of 
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the  Patoka  Reservoir  has  been  made. 
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Purpose  and  Scope 

This  report  assesses  municipal  and  industrial  vater  supply  needs  for 
the  Patoka  River  Basin,  assesses  surface  vater  quality  control  needs,  and 
estimates  need  for  and  value  of  vater  storage  for  regulation  oi  Patoka  River 
flov  for  these  needs  for  selected  years  in  the  period  i960  to  2ul0.  The 
Patoka  River  Basin  is  situated  in  Cravford,  DuBois,  Gibson,  Martin,  Orange, 
Pike,  Spencer,  and  Warrick  Counties  in  southwestern  Indiana. 
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II.  SUMMARY  AND  CONCLUSIONS 

Summary 

1.  The  proposed  Patoka  Reservoir  site  is  in  the  upper  reaches  of 
the  Patoka  River  Basin,  the  proposed  dam  site  being  in  Dubois  County 
about  12  miles  northeast  of  Jasper  near  the  south-central  portion  of 
Indiana . 

2.  The  communities  of  Jasper,  Huntingburg,  Winslow,  Oakland  City, 
and  Princeton  are  affected  by  the  quantity  and  quality  of  water  in  the 
Patoka  River. 

3-  The  poor  quality  of  Pfituca  River  water  tends  to  discourage  its 
use  by  Huntingburg,  Oakland  C: :y  and  Princeton.  Winslow  uses  the  river 
as  a source  of  supply  even  though  the  water  is  essentially  treated  sewage. 

4.  Jasper  uses  its  Impoundment  on  Beaver  Creek  to  augment  the 
natural  flow  of  the  Patoka  River  for  its  water  supply.  The  dependable 

A 

yield  of  the  combined  natural  flow  and  impoundment  release  is  3-0  mgd. 

Huntingburg' s source  of  supply  is  an  impoundment  which  has  a safe  yield 
of  0.65  mgd.  Oakland  City  has  two  impoundments  but  their  safe  yield  is 
unknown . 

5.  The  Patoka  River  has  had  no  flow  for  seven  consecutive  days 
more  often  than  once  in  ten  years.  As  a result,  at  times  in  nearly  every 
year,  the  stream  is  of  poor  quality  downstream  from  Jasper.  In  addition 
to  municipal  and  industrial  wastes,  acid  mine  wastes  flow  into  the  river 
at  points  from  above  Winslow  to  below  Princeton.  Oil  field  wastes  also 


enter  the  river  above  Princeton. 
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Conclusions 

1.  It  is  expected  that  the  urban  population  along  or  near  the  Patoka 
River  will  increase  from  25,000  in  i960  to  about  54,000  by  the  year  2010. 

2.  The  area  along  the  Patoka  River  where  improvement  in  quality 
and  increased  quantity  is  of  major  concern  is  in,  and  will  continue  to 
be  in,  the  Jasper-Huntingburg  area.  These  cities  as  veil  as  the  dovn- 
stream  communities  of  Winslow,  Oakland  City,  and  Princeton  would  be 
benefited  by  the  availability  of  an  increased  flow  to  provide  an  improved 
raw  water  quality  for  municipal  water  supplies . The  Improved  quality 
would  also  provide  a satisfactory  aquatic  environment  i..  a large  part 
of  the  river.  I/hile  benefits  discussed  apply  primarily  to  the  Patoka 
River,  widespread  benefits  to  water  quality  'd.12  also  be  realized  along 
reaches  of  the  Wabash  River  below  Mt.  Carmel,  Illinois  and  to  a lesser 
extent  along  the  Ohio  River  downstream  from  the  mouth  of  the  Wabash  River. 

3.  A quantity  of  water  sufficient  to  meet  the  municipal  and  industrial 
needs  of  Jasper  and  the  quality  control  needs  below  Jasper  will  be  sufficient 
to  provide  a suitable  quality  of  raw  water  for  a source  of  municipal  supply 
and  would  satisfy  the  needs  of  HuntingburG,  Winslow,  and  Oakland  City. 

4.  Jasper  is  expected  to  have  a dependable  water  supply  for  municipal 
needs  until  1976  but  industrial  uses  are  expected  to  require  an  extra 
1.3  mgd  in  addition  to  15  mgd  needed  for  cooling  purposes  in  1976.  By 
the  year  2010,  Jasper  will  need  5 • 4 mgd  from  new  storage  for  municipal  and 
industrial  supply  in  addition  to  15  mgd  for  cooling  purposes  or  20.4  mgd 
total  for  municipal  and  industrial  use.  Water  nee'  for  water  quality 
control  downstream  from  Jasper  is  expected  to  • ,.1.1  mgd  in  1976  and 
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43.6  mgd  in  the  year  2010.  Of  these  needed  flows,  15  mgd  may  he  that 
water  used  at  Jasper  for  cooling  purposes. 

5.  The  draft  on  storage  for  municipal  and  industrial  use  would 
he  600  acre-feet  in  1976  and  2,800  acre-feet  in  the  year  2010.  The 
draft  on  storage  for  the  cooling  water  needs  would  he  9, 400  acre-feet. 

For  quality  control  purposes,  the  draft  on  storage  would  he  about 
13,400  acre-feet  in  1976  and  37>600  acre-feet  in  the  year  2010. 

6.  The  value  of  benefits  attributable  to  storage  for  municipal 
and  industrial  purposes  in  the  proposed  Patoka  Reservoir  is  equal  to 
the  capital  cost  of  individual  reservoir  systems  for  each  community  and 
annual  maintenance  and  operation  costs.  The  annual  value  of  the  benefits 
of  water  released  from  storage  for  municipal  and  industrial  uses  has  been 
estimated  to  be  about  $53>000.  The  value  of  water  for  cooling  purposes 
has  been  estimated  to  be  $35>000  annually.  The  value  of  benefits  attribu- 
table to  storage  for  water  quality  control  purposes  in  the  proposed 
reservoir  is  at  least  equal  to  the  capital  costs  and  operation  and 
maintenance  costs  of  a single  purpose  reservoir.  The  minimum  value  of 
these  benefits  have  been  computed  to  be  about  $160,000  annually.  The 
total  annual  value  of  benefits  for  municipal  and  industrial  use,  including 
cooling,  and  fcr  water  quality  control  purposes  is  $248,000. 
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III.  DESCRIPTION  OF  PROJECT 

Location 

The  Corps  of  Engineers  is  presently  studying  the  feasibility  of  a 
reservoir  site  in  the  upper  reaches  of  the  Patoka  River  Basin  (See  Figure  I). 
The  dam  site  under  study  is  located  in  Dubois  County  about  twelve  miles 
east  and  four  miles  north  of  Jasper  near  the  center  of  the  southern  portion 
of  the  state. 


Streamflow 

The  average  discharge"*-  of  the  Patoka  River  at  Jasper  for  14  years 
of  record  is  381  cubic  feet  per  second  (cfs)  from  a drainage  area  of 
257  square  miles.  A gage  has  been  operated  at  a point  on  the  river  near 
the  dam  site,  drainage  area  171  square  miles,  for  about  two  years.  At 
this  gaging  station  site  the  mean  discharge  for  the  1962  v/ater  year  was 
190  cfs.  The  corresponding  mean  annual  discharge  at  the  Jasper  gage  was 
292  cfs.  Minimum  daily  discharge  for  the  two  locations  were  0.3  and  1.3 
cfs  respectively.  The  expected  minimum  7 consecutive  day  flow  with  a 
frequency  of  once  in  10  years  and  the  minimum  daily  discharge  with  a fre- 
quency of  recurrence  of  once  in  3O  years  is  zero  based  upon  a study  of 
past  records. 

Water  Quality 

No  information  has  been  collected  relative  to  the  water  quality  at 
the  project  site  but  because  there  are  no  urban  areas  of  significant 
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size  "between  the  project  site  and  Jasper,  it  has  been  assumed  for  the  purpose 
of  this  study  that  water  quality  would  be  similar  to  that  at  the  Jasper 
water  supply  intake  except  during  periods  of  low  flow  when  releases  from 
the  Jasper  water  supply  impoundment  on  Beaver  Creek  are  used  to  clean 
and  fill  the  pool  on  the  Patoka  River  from  which  water  is  pumped  to  the 
Jasper  water  treatment  plant. 

Table  1 gives  the  results  obtained  from  samples  taken  at  a river 

2 

monitoring  station  at  Jasper  in  1963 • Table  2 gives  a range  in  values 
for  the  years  195 7" 60  for  a monitoring  station  near  Princeton. ^ 

Samples  were  taken  from  various  points  along  the  Patoka  River  on 
October  23  and  October  2b,  1963,  in  order  to  determine  the  dissolved 
oxygen  and  the  biochemical  oxygen  demand.  Data  obtained  from  analyses 
of  these  samples  are  shown  in  Table  3-  The  flow  6f  the  stream  was  only 
incidentally  increased  by  releases  from  Beaver  Creek  Reservoir.  Water 
was  being  released  on  a twice  a week  schedule  to  flush  leaves  from  the 
pumping  pool  and  to  fill  that  pool  for  the  day  by  day  withdrawals . 
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Table  1 

Water  Quality  Monitor  Station  Patoka  River  at  Jasper 
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*From  unpublished  data  in  files  of  Indiana  State  Board  of  Health 
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Table  3 


Summary  of  Data 
Patoka  River  Basin 

October  23  & 24  1963 


Station  Location 
on  river 

Time 

Oct.  23,  1963 

Air 

Temp. 

°C 

Water 

Temp. 

°C 

DO 

Mg/1 

BOD 

Mg/l 

State  Road  65 
near  Princeton 

9:10 

a.m. 

— 

Est  17 

3.2 

— 

State  Road  57 

below  South  Fk  Patoka 
near  Oakland  City 

9:40 

a.m. 

Est  17 

1.9 

Downstream  100  yards 
from  State  Road  6l 
at  Winslow 

10:30 

a.m. 

Est  17 

4.9 

State  Road  257 
below  Rock  Creek 

11:00 

a.m. 

“ - 

Est  17 

1.3 

-- 

U.  S.  231  between 

Jasper  and  Huntingburg 

11:45 

a.m. 

Est  17 

1.2 

State  Road  5^5 
at  Dubois 

12:30 

p.m. 

Est  17 

2.7 

State  Road  65 
near  Princeton 

2:00 

p.m. 

30 

16 

3.2 

2.2 

State  Road  57 
below  South  Fit  Patoka. 
near  Oakland  City 

2:45 

p.m. 

31.5 

17 

1.3 

3.1 

Downstream  100  yards 
from  State  Road  6l 
at  Winslow 

3:20 

p.m. 

33 

18 

5.4 

4.5 

State  Road  257 
below  Rock  Creek 

4:00 

p.m. 

31 

17.5 

1.5 

4-9 

U.  S.  231  between 

Jasper  and  Huntingburg 

4:45 

p.m. 

31 

17.5 

3.4 

17.4 

State  Road  545 
at  Dubois 

5:35 
Oct.  24, 

p.m. 

, 1963 

28 

18.5 

3-5 

4.4 

State  Road  6 5 
near  Princeton 

«:30 

&*m* 

17 

16 

2.5 

State  Road  57 

below  South  Fk  Patoka 

9:15 

£L«in* 

20 

16 

2.1 

Downstream  100  yards 
from  State  Road  6l 
at  Winslow 

9:45 

&•  m* 

20.5 

16 

5.0 

State  Road  257 
below  Rock  Creek 

10:20 

a.m. 

22.5 

16 

0.7 

U.  S.  231  between 

Jasper  and  Huntingburg 

11:00 

o.  • m • 

24.5 

17 

1.6 

*“  “ 

State  Road  5^5 
at  Dubois 

11:45 

CL*  HI* 

24 

17 

1*9 

mmm 
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Pertinent  Data 

The  proposed  Patoka  Reservoir  would  have  a miminum  pool  with  a 
capacity  of  13,200  acre-feet  and  a conservation  pool  that  could  store 
a total  of  l8l,000  acre-feet  of  water.  These  storage  volumes  would  he 
achieved  at  elevations  506  feet  and  536  feet  for  low  and  conservation 
pools  respectively. 

According  to  the  Indiana  Flood  Control  and  Water  Resources  Commission, ^ 
the  above  storage  and  elevations  would  give  a safe  yield  of  125  cfs  at 
Jasper  and  175  cfs  at  Princeton. 

Even  though  a safe  yield  may  he  determined,  the  distance  from  the 
project  site  to  Jasper  makes  the  releases  from  the  proposed  reservoir 
subject  to  losses  such  as  water  use  and  irrigation  in  the  valley  floor 


as  well  as  the  increased  natural  losses  normal  to  supplemented  streamflow. 
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IV.  DESCRIPTION  OF  STUDY  AREA 
Location  and  Boundaries 

The  Patoka  River  Basin  is  located  in  the  southwestern  part  of  Indiana 
and  lies  generally  in  an  east-west  direction  (See  Figure  I).  Patoka  River 
drains  parts  of  eight  counties:  Crawford,  Dubois,  Gibson,  Martin,  Orange, 

Pike,  Spencer,  and  Warrick.  This  867  square  mile  basin  is  long  and  narrow. 
It  varies  in  width  from  about  a mile  at  the  river  mouth  to  about  15  miles 
at  a point  about  25  miles  east.  For  the  next  35  miles  eastward,  the 
basin  averages  about  15  miles  in  width.  For  the  last  18  miles  of  basin 
length,  the  average  width  is  about  10  miles. 

Geography 

Patoka  River  meanders  about  1 6k  miles  generally  westward  from  its 
source  in  Orange  County  to  its  mouth  which  is  at  a point  on  the  Wabash 
River  across  from  Mt.  Carmel,  Illinois,  and  about  a mile  downstream  from 
the  mouth  of  White  River.  There  are  no  large  tributaries  to  Patoka  River, 
the  largest  being  Huntley  Creek  with  a drainage  area  of  81.7  square  miles. 
This  stream  has  approximately  the  same  features  as  to  runoff  and  velocities 
as  the  main  stem  in  its  upper  reaches. 

The  topography  around  the  perimeter  of  the  basin  is  rolling  to 
moderately  steep.  Near  the  river  mouth  in  the  Wabash  valley  plains,  the 
topography  is  flat  or  gently  rolling.  The  stream  has  a fall  of  about 
480  feet  of  which  almost  three  quarters  is  in  the  upper  third  of  the 
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"basin.  This  gradient  feature  results  in  high  velocities  in  the  headwaters 
and  comparatively  sluggish  flow  in  the  greater  length  of  the  main  stem. 

The  above  factors  contribute  to  rapid  runoff  following  periods  of 
precipitation  and  to  quite  low  stream  flows  annually. 

Climate 

The  Patoka  Basin  is  situated  in  a region  that  experiences  compara- 
tively moderate  climate.  Hie  mean  annual  temperature^  is  about  56-5° 
and  varies  from  a monthly  mean  high  of  about  91°>  a monthly  mean  low 
of  about  25. 0°  and  a maximum  temperature  of  113°  to  a minimum  26°  below 
zero. 

Precipitation  in  the  basin  is  fairly  well  distributed  throughout 
the  year  even  though  a wider  departure  from  normal  occurs  during  the 
first  six  months  of  the  year.  The  mean  annual  precipitation^  is  42.97 
inches  at  Princeton,  48.59  inches  at  Huntingburg,  and  44.12  inches  at 
Paoli,  somewhat  north  of  the  eastern  end  of  the  basin.  The  monthly 
totals  have  varied  from  a maximum  of  17-83  inches  to  only  a trace  in 
each  of  two  different  months. 

Principal  Communities  and  Industries 

The  principal  communities  affecting  or  affected  by  the  Patoka  River 
are  Jasper,  Huntingburg,  Winslow,  Oakland  City,  and  Princeton.  Winslow  and 
Oakland  City  are  primarily  mining  towns  although  Oakland  City  has  a plastics 
plant  of  considerable  importance  to  the  community.  Jasper  and  Huntingburg 
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are  primarily  wooden  furniture  centers  but  have  some  packing  and  produce 
plants.  Princeton  has  a variety  of  small  industries  producing  such  items 
as  electronic  equipment,  oil  field  equipment,  rubber  products,  castings, 
and  meat  and  dairy  products. 


V.  ECONOMY 


Present  Economy 


Area  Included 

The  area  of  influence  of  the  proposed  Patoka  Reservoir  lies  in  the 
southwestern  part  of  Indiana.  The  three  counties  of  Pike,  Gibson,  and 
Dubois  have  been  studied  as  representing  the  immediate  extent  of  the  area 
of  influence  of  the  reservoir. 

Agriculture 

Agriculture  stands  out  in  importance  to  the  economy  of  the  basin. 

In  1960,  20.6  percent  of  all  employment  or  5,521  were  employed  in  farming. 
During  the  twenty-year  period,  1939-1959,  the  number  of  farms  decreased 
from  5,749  to  4,024.  Land  resources  utilized  in  agricultural  production 
increased  by  61,843  acres,  and  value  of  output  increased  $18,540,000.* 


1939 

1959 


Farms 

5,749 

4,024 


Agricultural  Trends  in  the 
Three-County  Area 
1939-1959 

Acres  Harvested 
295,000 

316,843 


Farm  Products  Sold 


$ 10,080,000 

$ 28,620,000 


★ 

Expressed  in  constant  1959  dollars 
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Mineral  Industries 

The  extraction  of  mineral  resources  in  the  three-county  area  included 
coal,  petroleum,  clay,  sand,  and  gravel.  The  total  value  of  mineral  activity 
for  the  years  as  close  to  i960  as  could  be  obtained  was  $23,412,000  as  shown 
in  Table  4.  The  value  of  output  represents  approximately  11  percent  of  the 
Indiana  state  total.  Mining  employment  of  1,221  comprised  7.5  percent  of 
all  employment  in  the  state  of  Indiana  in  1960.  The  1,221  employment  fig- 
ure represents  a decline  of  43.8  percent  from  the  1950  employment  figure 
of  2,174. 

Table  4 

* 

Summary  of  Mineral  Production  in  Study  Area 


Location 

Minerals 

Value 

Dubois  County  (1960) 

Coal,  clay,  sand 

, gravel 

$ 

125,000 

Gibson  County  (1959) 

Coal,  sand,  gravel 

2,300,000 

Pike  County  (1960) 

Coal 

7,400,000 

Sub  Total 

$ 

9,825,000 

Dubois  County  (1958) 

Crude  petroleum. 

natural  gas 

-- 

Gibson  County  (1958) 

Crude  petroleum, 

natural  gas 

9,961,000 

Pike  County  (1958) 

Crude  petroleum, 

natural  gas 

3,626,000 

Sub  Total 

$ 

13,587,000 

Grand  Total 

$ 

23,412,000 

Sources:  Minerals  Yearbook  1960,  Volume  III,  Area  Report; 

Census  of  Mineral  Industries  1958,  Volume  II,  Area  Statistics 
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Manufac tur ing 

Manufacturing  accounted  for  23.6  percent  of  the  labor  force  (6,306) 
in  1950,  but  in  1960  accounted  for  26.2  percent  of  the  labor  force  (7,022) 
netting  an  increase  of  more  than  700  employees.  Value  added  by  manufacture 
approximated  $32,900,000  in  1958,  an  increase  of  $6,100,000  over  the  value 
added  in  1954  in  constant  1958  dollars. 

Table  5 shows  the  distribution  of  manufacturing  plants  according  to 

industry  class  and  size  as  measured  by  employment.  In  1958  there  were  138 

* 

plants  engaged  in  the  manufacture  of  products.  Although  small  in  scale 
of  operation,  the  industrial  structure  of  the  basin  is  well  diversified. 
With  the  exception  of  tobacco  products,  paper,  leather,  and  textile  mill 
products,  all  categories  of  manufacturing  are  found  in  the  three-county 
area.  The  leading  type  of  manufacturing  activity  measured  by  both  em- 
j ployment  (See  Table  7)  and  number  of  plants  are  lumber  and  wood  products, 

and  furniture  and  fixtures.  As  measured  by  number  of  employees,  electrical 
machinery  and  food  processing  are  next  in  importance. 

Table  6 summarizes  the  manufacturing  plant  information  from  the 
; 1958  Census  of  Manufactures  in  each  county  and  indicates  the  possible 

high  water  intake  plants  and  potential  waste  producers.  All  plants  are 
included  which  had  over  100  employees  and  whose  4-digit  Standard  Indus- 
trial Classification  code  industry  is  included  in  the  listing  of  indus- 
tries with  an  intake  of  over  20  million  gallons  per  year  in  the  Industrial 
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Number  and  Employment  Size  of  Manufacturing  Plants 


Patoka  River  Basin 


Total 


Food  & Kindred  Products 


Tobacco  Products 


Textile  Mill  Products 


Apparel  & Related  Products 


Lumber  & Wood  Products 


Furniture  & Fixtures 


Paper  & Allied  Products 


Printing  & Publishing 


Chemicals  & Allied  Products 


Petroleum  & Coal 


Rubber  & Plastic 


Leather  Products 


Stone 


Primary  Metals 


Fabricated  Metals 


Non-Electric  Machinery 


Electrical  Machinery 


Transportation  Equipment 


Instruments  & Related  Products 


Miscellaneous 


Total 
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Table  6 

Summary  of  Manufacturing  Plants  by  Counties,  1958 

10  Plants 


None  over  19  Employees 

PIKE  COUNTY  Potential 

Waste  Producers 

National  Average  Water  In- 

SIC 

Industry 

Number 

Employment 

take  per  Employee  per  Yeai 

Code 

Description 

Plants 

Range 

Gallons 

2011 

Meat  Packing 

1 

1-19 

28  Plants 

4 oyer 

100  Employees 

GIBSON 

COUNTY  High  Water  Intake 

Plants 

2011 

Meat  Packing 

1 

500-999 

582,000 

2711 

Petroleum  Refining 

1 

50-99 

9,727,000 

3069 

Fabricated  Rubber  Prdts. 

1 

50-99 

496,000 

361  j 

Switch  Gear,  Switch  Boards 

1 

500-999 

244,000 

3621 

Motors  & Generators 

1 

100-249 

127,000 

Potential 

Waste  Producers 

2011 

Meat  Packing  Plants 

4 

1-19 

96  Plants 

12  over  100  Employees 

DUBOIS 

COUNTY  High  Water  Intake 

Plants 

2015 

Poultry  Dressing  Plants 

1 

100-249 

422,000 

2026 

Fluid  Milk 

1 

100-249 

356,000 

2432 

Veneer  & Plywood 

1 

100-249 

727,000 

2432 

Veneer  & Plywood 

1 

50-99 

727,000 

2511 

Wood  Furniture  (Not  Uphol. 

) 1 

100-249 

78,000 

2511 

Wood  Furniture  (Not  Uphol. 

) 2 

250-499 

78,000 

3273 

Ready  Mix  Concrete 

1 

1-19 

1,386,000 

3273 

Ready  Mix  Concrete 

1 

20-49 

1,386,000 

3069 

Fab.  Rubber  Products 

1 

50-99 

496 

Potential 

Waste  Producers 

2011 

Meat  Packing  Plants 

4 

1-19 

2015 

Poultry  Dressing 

1 

1-19 

Standard  Industrial  Classification 
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Water  Use  Survey,  1958  Census  of  Manufactures.  Plants  with  fewer  than  100 
employees  are  listed  only  if  the  industrial  water  intake  per  employee  for 
their  SIC  category  was  very  high  as  shown  in  the  Table. 

Non-Commodity  Industries 

With  about  43  percent  of  its  employment  in  non-commodity  industries 
the  study  area  averaged  about  5 percent  less  than  in  this  category  for  the 
state.  Trade  with  15.4  percent  and  personal  services  with  13.6  percent 
represented  the  largest  part  of  the  employment  in  this  category.  Non- 
commodity employment  and  manufacturing  employment  increased  by  about  the 
same  percentage  (3+  percent)  between  1950  and  1960. 

Transportation 

There  is  no  river  transportation  in  the  basin.  Furthermore,  no 
commercial  airline  services  are  available.  However,  four  railways  (Ferdi- 
nand, Southern,  New  York  Central,  and  C&E)  pass  through  or  cross  part  of 
the  basin.  Two  major  state  highways  (U.S.  231  and  Indiana  57)  run  north- 
south  through  the  basin  and  there  are  a number  of  good  paved  roads  afford- 
ing convenient  and  fast  transportation.  Freight  transportation  is  made 
available  via  the  presence  of  several  interstate  and  intrastate  trucking 
lines. 


Income 

* 

The  per  capita  cash  income  in  the  study  area  was  $1,438  in  1960. 
This  compares  to  the  state  average  of  $1,832  and  $1,849  for  the  Nation. 


1960  Census  of  Population 
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Because  of  the  rural  nature  of  this  area  and  the  larger  portion  of  income 
coming  directly  from  farm  products,  the  real  income  in  the  study  area  may 
pot  be  as  much  lower  than  the  state  as  the  figures  might  indicate. 

Population 

Total  population  in  the  three-county  area  rose  from  66,116  to 
70,333  between  1930  and  1940.  In  1950  the  area's  population  had  decreas- 
ed slightly  to  69,500,  but  in  1960  registered  a total  population  of  70,209. 
In  1960  the  three  counties  comprised  1.49  percent  of  Indiana's  population. 
The  average  annual  percentage  change  in  population  has  been  greater  for 
both  the  Nation  and  the  state  compared  to  the  study  area. 

In  1960  the  urban  sector  of  the  population  amounted  to  24,738.  This 
number  represented  35.3  percent  of  the  total  population  and  is  concentrated 
in  the  five  cities  of  Jasper,  Princeton,  Huntingburg,  Oakland,  and  Peters- 
burg. Rural  population,  farm  and  non-farm,  was  45,460  in  1960  changing 
very  little  from  the  rural  population  of  45,982  in  1950. 

Projected  Economy 

Projections  of  the  economy  of  the  Patoka  River  Basin  were  derived 
from  determining  historical  trend  relationships  between  the  study  area 
and  the  state,  and  projecting  those  relationships  using  as  a basis  pro- 
jections for  the  state  prepared  by  the  National  Planning  Association, 
Washington,  D.  C.  Past  trends  were  modified  in  accordance  with  judgment 
based  on  additional  information.  These  projections  are  of  a preliminary 
nature  and  may  be  modified,  if  necessary,  upon  receipt  of  the  Arthur  D. 
Little  Company,  Inc.  Economic  Base  Study  report  for  the  Ohio  River  Basin. 


- 
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Employment  Projections 

Table  7 lists  projections  for  employment  to  1976.  It  is  expected 
that. non-commodity  sectors  will  continue  to  experience  expansion  in  employ- 
ment, while  agriculture  and  mining  will  decrease  their  employment.  Manufac- 
turing employment  is  expected  to  approximate  9,800  by  1976  with  furniture, 
wood,  and  lumber  products  continuing  to  be  the  heaviest  in  employment,  and 
the  electrical  machinery  industry  undergoing  the  most  rapid  growth  in  em- 
ployment. 

Population  Projections 

Table  8 gives  population  projections  to  1976  and  2010.  The  study 
area  is  projected  to  lag  behind  the  rate  of  population  growth  expected  for 
the  state  and  the  Nation.  (See  Figure  II).  From  its  population  of  70,209 
in  1960,  the  study  area  is  expected  to  number  a population  of  90,000  in 
1976  and  150,000  in  2010.  Projections  for  the  five  cities  in  the  basin 
reflect  the  anticipated  growth  of  current  urbanized  areas. 
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1950  ‘ 

7.  of  C.E„b 

1960  1 

% of  C.E.b 

1976  % 

1 

of  C.E. 

Total  Civilian  Employment 

26,670 

100.0 

27,338 

100.0 

34,790 

100.0 

Agriculture 

6,618 

24.8 

5,521 

20.2 

4,140 

11.9 

j 

Mining 

2,174 

8.2 

1,221 

4.5 

1,160 

3.3 

1 

Construction 

1,184 

4.4 

1,373 

5.0 

2,240 

6.4 

Non-Commodity  Industries 

10,338 

39.0 

11,702 

42.8 

17,450 

50.2 

i 

Transportation 

1,746 

6.5 

1,388 

5.1 

1,850 

5.3 

j 

Trade 

4,137 

15.5 

4,221 

15.4 

6,100 

17.5 

Finance 

360 

1.4 

502 

1.8 

800 

2.3 

Services 

2,805 

10.6 

3,709 

13>J 

6,100 

17.5 

Government 

1,340 

5.0 

1,882 

6.9 

2,600 

7.6 

Manufacturing 

6,306 

23.6 

7,521 

27.5 

9,800 

28.2 

Durables 

4,982 

18.7 

5,592 

20.4 

7,790 

22.4 

Furniture-Wood- 

Lumber 

2,815 

3,279 

3,600 

Primary  Metals 

18 

79 

110 

Fabricated  Metals 

68 

166 

270 

1 

1 

Non-Electric 

Machinery 

841 

192 

250 

Electric  Machinery 
Transportation 

657 

1,505 

2,900 

Equipment 

189 

140 

250 

Other  Durables 

394 

231 

» 

310 

Non-Durables 

1,324 

4.9 

1,929 

7.1 

2,010 

5.8 

Food 

912 

1,210 

1,300 

Textiles 

8 

9 

10 

Apparels 

142 

119 

70 

Printing 

135 

203 

250 

Chemicals 

70 

48 

200 

> 

Other  Non-Durables 

57 

340 

180 

3 Includes  Communications  and  Utilities 
b Civilian  Employment 
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Table  8 


Patoka  River  Basin 
Historical  and  Proiected  Population 


Study  Area 

(Pike,  Gibson,  Dubois  Counties) 

1950 

69,500 

1960 

70,209 

1976 

90,000 

2010 

150,000 

Dubois  County 

Bainbridge  Township  (Incl.  Jasper) 
Jasper  Only 

7,524 

5,215 

9,564 

6,737 

15.000 

11.000 

25.000 

18.000 

Patoka  Township  (Incl.  Huntingburg) 
Huntingburg  Only 

5,222 

4,056 

5,547 

4,146 

7,200 

6,000 

12,000 

9,000 

Gibson  County 

Patoka  Township  (Incl.  Princeton) 
Princeton  Only 

11,189 

7,673 

11,135 

7,900 

14,000 

9,500 

20,000 

14,000 

Columbia  Township  (Incl.  Oakland) 
Oakland  Only 

4,766 

3,539 

4,158 

3,016 

5,300 

4,100 

8,500 

6,600 

Pike  County 

Washington  Township  (Incl.  Petersburg) 
Petersburg 

5,128 

3,035 

4,490 

2,939 

5,600 

4,000 

8,800 

6,500 

«■■■■■■■■■! 
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VI.  WATER  REQUIREMENTS 


As  the  population  increases  and  industrial  growth  occurs,  greater 
demands  will  he  made  for  water.  Hence,  the  growth  projected  in  the 
preceding  section  supports  projections  of  increased  water  needs. 

Past  and  Present  Water  Use 
Municipal 

Water  use  hy  the  municipalities  in  the  "basin  or  within  its  influence 
is  given  in  Table  9* 

Industrial 

Any  significant  industrial  needs  of  water  in  the  basin  are  served 
from  municipal  supplies.  As  there  are  limitations  in  quantity  and  quality, 
industries  that  would  require  appreciable  quantities  of  water  have  not 
been  attracted  to  the  area. 

Existing  Sources 

i At  present,  local  impoundments  on  tributary  streams  are  utilized  for 

water  supply  for  Ferdinand,  Huntingburg,  Jasper,  and  Oakland  City.  Wells 

are  the  source  of  supply  for  Francisco,  Patoka,  and  Princeton.  Winslow 

uses  water  directly  from  the  Patoka  River  and  Jasper  uses  river  water 

augmented  during  low  flow  from  its  Beaver  Creek  Reservoir. 

7 

Ground  rater  is  not  a source  of  large  quantities  of  rater  in  the 
Patoka  River  Basin.  This  is  especially  true  in  the  upper  three- fourths 
of  the  basin  where  bedrocks  of  Pennsylvanian  and  Mississippian  ages  are 


IJev  plant  under  contract.  To  be  built  with  aid  of  federal  grant 
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prevalent.  These  bedrocks,  consisting  of  sandstone,  shale,  and  limestone, 
are  sources  of  small  supplies  of  rater  because  of  their  small  permeability 
and  lack  of  secondary  openings.  Only  in  the  lover  part  of  the  basin 
below  Princeton  may  suitable  supplies  of  ground  rater  be  found  in  the 
sand  and  gravel  of  the  Pleistacene  age. 

No  determination  has  been  made  of  the  maximum  dependable  draft 
which  can  be  developed  for  communities  using  well  fields.  Neither  has 
the  safe  yield  been  determined  for  Oakland  City’s  impoundment.  The  safe 
yields  for  impoundments  at  other  cities  are  as  follows:  Jasper,  3 • 0 mgd; 

Ferdinand,  0.219  mgd;  and  Huntingburg,  O.65  mgd.  The  discharge  of  the 
waste  treatment  plants  at  Jasper  and  Huntingburg  will  provide  the  minimum 
quantity  of  flow  needed  for  a water  supply  at  Winslow.  It  is  pointed 
out  that  during  low  flow  periods,  the  raw  water  supply  at  Winslow  will 
consist  of  treated  sewage.  It  is  understood  that  water  supply  for 
Francisco®  is  inadequate.  Present  supplies  for  Huntingburg,  Oakland  City, 
and  Jasper  are  not  expected  to  be  adequate  for  anticipated  growth  beyond 
1980. 


The  Jasper  rater  supply  is  taken  from  Patoka  River.  An  impoundment 
on  Beaver  Creek,  about  seven  miles  upstream,  is  used  to  supplement  river 
discharge  during  the  periods  of  inadequate  flow  experienced  nearly  every 


year. 


Huntingburg  water  is  supplied  from  an  impoundment  in  the  headwaters 
of  a small  unnamed  tributary  to  Pataka  River.  The  current'  rate  of  use 
does  not  show  the  two  significant  decreases  in  water  usage  in  the  past 
decade.  Due  to  the  loss  of  a water  using  industry  and  more  recently 
to  a sewer  tax  imposed  and  based  upon  water  consumption,  per  capita 
water  use  declined.  In  each  instance,  the  rates  of  water  use  soon 
recovered  to  that  experienced  prior  to  the  cutback.  At  present,  the 
consumption  is  approaching  the  safe  yield  limit  of  the  impoundment. 
Huntingburg  has  contemplated  the  use  of  Patoka  River  as  a source  of 
supply;  but  due  to  the  inadequate  flows  and  unsuitable  water  quality, 
has  been  compelled  to  consider  enlargement  of  its  present  impoundment . 
Huntingburg  would  pump  water  from  the  Patoka  River  if  it  could  be  assured 
of  an  adequate  quantity  of  good  quality  water  by  the  development  of  an 
upstream  reservoir. 

Downstream  from  Huntingburg,  the  town  of  Winslow  depends  upon  Patoka 
River  flow.  This  source  has  often  proved  to  be  of  unsuitable  quality. 

To  the  west  and  downstream  from  Winslow,  Oakland  City  considers 
the  Patoka  River  to  be  an  emergency  source  of  supply  even  though  the 
quality  is  not  entirely  satisfactory  because  of  acid  mine  wastes  and 
the  combined  waste  loading  from  upstream. 

The  most  downstream  community  along  the  Patoka  River  is  Frinceton 
which  is  situated  on  the  divide  between  Patoka  River  and  Pigeon  Creek. 
Prior  to  19^1,  Princeton's  water  supply  source  was  from  the  Patoka  River. 
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Since  that  time,  wells  have  teen  used  with  the  Patoka  River  intake  kept 
as  an  emergency  source.  The  change  in  source  of  supply  was  prompted 
by  the  presence  of  excessive  amounts  of  acid  mine  wastes. 

Ranges  in  water  quality  of  supplies  for  the  communities  in  the 
Patcka  River  Basin  are  given  in  Table  10. ^ 

Additional  Water  Needs 

Municipal 

It  is  expected  that  water  demand  for  communities  will  vary  with  the 
economy  of  the  area  and  with  the  availability  of  water.  Table  11  shows 
estimates  for  future  per  capita  and  municipal  vise.  This  tabulation  gives 
the  best  estimate  of  water  uses  that  can  be  made  at  this  time.  If  more 
detailed  and  more  reliable  data  become  available,  a revision  of  estimates 
for  future  municipal  use  may  become  necessary.  Light  industrial  uses 
are  expected  to  be  served  from  the  municipal  supply.  Table  11  includes 
such  anticipated  use. 

Industrial 

As  indicated  previously,  industrial  needs  for  water  presently  are 
satisfied  from  municipal  supplies.  It  is  not  anticipated  that  the  source 
of  supply  for  the  types  of  industries  presently  in  Jasper  will  change. 

If  any  industries  using  large  volumes  of  water  are  attracted  to  the  area 
when  water  becomes  plentiful,  water  use  would  increase  at  a rate  greater 
than  that  confuted  for  municipal  needs  in  this  report;  however,  a small 


Quality  of  Municipal  Water  Supplies  (Raw  Water 
Patoka  River  Basin 


Flourides  as  F 0,2  0.1-0. 8 0.2  0-0.3  0. 1-0.4  0-0.1 


Table 
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amount  is  forecast  for  self-supplied  industries.  A more  immediate  industrial 
use  for  vater  is  for  cooling  of  the  thermal  power  plant  at  Jasper.  Present 
plant  capacity  is  sufficient  for  a limited  period  of  time.  If  Patoka 
River  vater  were  available  in  sufficient  quantity,  Jasper  would  use 
that  vater  instead  of  constructing  cooling  towers  vhen  expanding  the 
present  plant  facilities.  The  amount  of  vater  needed  to  replace  the 
cooling  towers,  according  to  estimates,  is  about  15  rngd.  If  the  cooling 
vater  from  the  power  plant  were  discharged  into  the  river  below  the  vater 
supply  intake,  the  loss  of  dissolved  oxygen  due  to  increased  temperature 
would  probably  not  exceed  0-5  mg/l  in  the  total  estimated  needed  flow 
of  75  cfs  at  Jasper. 

The  industrial  needs  for  Jasper  and  Huntingburg  are  listed  in 

1 

Table  12.  Water  for  self-supplied  industries  has  been  provided  for 
within  the  tabulation  (Table  12).  This  tabulation,  like  that  for 

municipal  supply,  is  based  upon  the  best  estimates  that  can  be  made  j 

at  this  time.  Revision  of  the  figures  in  Table  12  may  be  required  if 
further  data  become  available. 

The  estimated  municipal  and  industrial  quantities  shown  as  needed 
by  the  year  2010  (31-6  cfs)  are  well  under  the  total  available  discharge 
of  125  cfs  which  could  be  provided  at  Jasper. 


r 
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Table  12 

Industrial  Water  Requirements 
Pat oka  River  Bas in 


Community 

Year 

1 

j 

Jasper 

Thermal  Power  Plant 

I960 

(mgd) 

1976 

(mgd) 

2010 

(mgd) 

Cooling  Water 

0 

15.0 

15.0 

Industrial  Weed 

0 

1-3 

2.8 

! 

j 

Huntingburg 

Industrial  Weed 

0 

A 

.8 

Total  Industrial  Weed 

0 

16.7 

18.6 

The  water  quality  objectives  used  as  a basis  for  determination  of 
need  for  storage  for  regulation  of  streamflow  for  purpose  of  water  quality 
control  are  all  related  to  the  downstream  land  uses  and  instream  uses  of 
the  waters.  Where  proper  quality  is  not  maintained,  possible  economic 
benefits  of  its  use  may  be  foregone  and  the  public  health  may  be  endangered. 

The  objectives  used  in  evaluating  quality  conditions  in  the  Patoka 
River  have  been  based  mainly  on  the  use  of  Patoka  River  waters  as  a source 
of  raw  water  supply  for  communities,  for  preservation  of  aquatic  life, 
and  for  present  and  prospective  general  recreational  use. 

The  Manual  of  Recommended  Water  Sanitation  Practice  of  the  Public 
Health  Service  has  been  used  as  a guide  to  acceptable  raw  water  quality 
and  is  used  to  select  quality  objectives  for  raw  water  sources  for 
municipal  rater  supplies. 

With  respect  to  the  coliform  bacterial  content  of  raw  raters,  if 
coliform  objectives  are  not  met  at  downstream  rater  intakes,  the  cheapest 
solution  is  considered  to  be  to  chlorinate  effluent  from  sewage  treatment 
plants.  However,  all  wastes  cannot  be  collected  such  as  street  washings 
and  storm  water  overflows . 

Waters  acceptable  for  treatment,  in  addition  to  meeting  bacterial 


requirements,  should  not  contain  any  toxic,  taste-producing,  or  otherwise 
harmful  substances,  or  organisms  not  readily  or  completely  removable  by 
ordinary  rater  treatment.  Raw  raters  should  be  free  of  excessive  amounts 


of  acid,  microscopic  organisms,  and  organic  matters  causing  any  inter- 
ference with  normal  operation  and  efficiency  of  water  treatment  processes. 

Attention  is  invited  to  the  location  of  the  largest  city  in  the 
"basin  as  being  eight  miles  upstream  from  the  possible  future  water 
intake  of  the  third  largest  city  in  the  basin.  The  time  of  flow  would 
be  approximately  eight  hours  and  under  drought  conditions,  the  flow 
would  be  mainly  treated  sewage,  and  in  the  year  2010,  this  quantity 
is  estimated  to  be  13  cfs.  Hie  treated  sewage  must  be  diluted  with 
a water  of  good  quality  such  as  could  be  released  from  the  proposed 
Patoka  Reservoir.  In  the  next  paragraph,  it  is  shown  that  the  computed 
flows  would  achieve  5 mg/l  of  dissolved  oxygen  at  the  critical  point. 

It  is  believed  that  the  same  quantity  needed  to  achieve  5 mg/l  of  dissolved 
oxygen  in  the  stream  would  adequately  dilute  the  treated  wastes  and 
provide  waters  acceptable  as  a raw  water  supply  for  Huntingburg. 

In  setting  water  quality  objectives  for  streams  for  the  protection 
of  aquatic  life,  mere  survival  is  not  enough.  The  minimum  level  selected 
should  be  suitable  for  the.  continuous  maintenance  of  satisfactory  fish 
life  and  fish  food  organisms.  Objectives  are  therefore  based  upon  the 
environmental  requirements  of  the  fish  species  present  in  the  river. 

On  the  basis  of  studies  by  the  Public  Health  Service  in  the  Cincinnati 
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oxygen  objective  of  5 mg/l  has  been  established  for  the  Patoka  River 
to  preserve  desirable  aquatic  life  and  to  ensure  present  and  future 
recreational  use  of  the  river.  The  flows  shown  as  needed  are  those 
required  to  achieve  5 mg/l  at  the  critical  point  below  Huntingburg 
in  the  year  2010. 

The  State  of  Indiana  has  a minimum  requirement  of  4.0  mg/l  of 
dissolved  oxygen  and  an  objective  of  5 mg/l  of  dissolved  oxygen. 
Therefore,  the  objectives  of  the  State  of  Indiana  would  be  achieved 
after  adequate  treatment  of  wastes  in  the  upper  two- thirds  of  the  Patoka 
River  Basin. 

Water  Quality  Control 

From  an  inspection  of  Table  13,  it  can  be  seen  that  all  municipal 

wastes  are  or  will  be  adequately  treated.  Adequate  treatment  at  the 

present  time  amounts  to  85  percent  removal  of  the  5-day  biochemical 

oxygen  demand.  Quantities  of  water  required  for  water  quality  control 

have  been  computed  on  the  premise  that  such  treatment  will  continue  to 

be  provided.  A list  of  treatment  plants  presently  in  use  in  the  basin 

10 

is  given  in  Table  13 • 

The  most  critical  reach  of  Patoka  River  is  between  Jasper  and  the 
mouth  of  Hunley  Creek  from  which  Huntingburg' s wastes  are  introduced 
into  the  river.  When  Huntingburg 1 s present  water  supply  reaches  its 
limit,  the  obvious  source  of  water  would  be  Patoka  River  if  proper 


Jasper  is  currently  extending  its  sewerage  system. 
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quality  control  is  maintained  on  that  stream.  Inasmuch  as  Jasper's 
outfall  is  less  than  eight  miles  from  the  point  where  Huntingburg  would 
he  expected  to  obtain  its  water,  natural  stream  assimilative  capacity 
would  not  have  time  to  adequately  recover  to  a quality  suitable  as  a 
source  of  supply  for  the  community  of  Huntingburg. 

The  quantity  that  would  be  required  to  achieve  a dissolved  oxygen 
content  of  5 mg/l  at  the  critical  point  would  also  provide  reasonable 
dilution  of  the  treated  Jasper  wastes  so  as  to  make  the  river  water 
suitable  as  a source  of  raw  water  for  municipal  use  at  Huntingburg. 

At  Hunley  Creek,  the  Huntingburg  sewage  plant  effluent  adds  its 
loading  to  that  of  Jasper.  Even  so,  this  portion  of  the  river  downstream 
from  Huntingburg  gives  somewhat  less  cause  for  concern  than  above  the 
potential  Huntingburg  \rater  intake  site  because  of  the  greater  distance 
to  Winslow.  This  community  with  only  a pumping  pool  in  Patoka  River 
must  depend  upon  that  stream  for  its  water  supply.  For  that  reason, 
suitable  quality  maintenance  below  Huntingburg  is  highly  desirable. 

The  water  quality  control  quantity  needed  below  Jasper  to  provide 
5 mg/l  at  the  critical  point  would  also  be  adequate  to  receive  and 
assimilate  the  adequately  treated  wastes  from  Huntingburg.  The  resulting 
quality  at  Winslow  would  be  acceptable  as  a source  of  raw  water  supply 
for  municipal  use. 

The  water  required  to  afford  suitable  quality  control  is  indicated 


in  Table  14. 


Patoka  River  Basin 


Municipality 

i960 

1976 

2010 

Jasper  (Bainbridge  T . ) 

To  Receive  Municipal  Wastes 

4.5 

13.1 

28.1 

To  Receive  Industrial  Wastes 

0 

6.5 

i4.o 

Cooling* 

0 

1.5 

1.5 

T3 

21.1 

Huntingburg** 

To  Receive  Municipal  Wastes 

2.3 

4.5 

7.9 

To  Receive  Industrial  Wastes 

0 

2.0 

4.0 

2.3 

“^5 

11-9 

Total  requirement  for  water 

4.5 

21.1 

43.6 

quality  control** 

I ; 

*Additional  flow  needed  to  compensate  for  loss  in  assimilative  ability 
of  stream  as  a result  of  temperature  increase. 

**If  water  quality  control  requirements  for  the  Patoka  River  below  Jasper 
are  met,  sufficient  flow  will  be  available  to  provide  suitable  quality 
below  the  mouth  of  Hunley  Creek  into  which  Huntingburg' s wastes  are 
discharged. 

[_] 
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As  Oakland  City's  supply  "becomes  inadequate  due  to  increased  needs 
for  municipal  and  industrial  rater  supply,  the  city  would  look  to  the 
Patoka  River  as  the  most  probable  source  of  raw  rater  to  supplement  its 
present  supply.  While  Oakland  City  is  located  downstream  from  Winslow, 
if  the  adequately  treated  wastes  from  Winslow  would  be  received  by  the 
water  quality  control  flora  shora  as  needed  below  Jasper,  then  an  adequate 
quality  of  raw  water  would  be  expected  at  the  Oakland  City  intake. 

Princeton,  Indiana  depends  upon  the  Patoka  River  as  an  emergency 
rater  supply.  Princeton  is  located  about  13  miles  downstream  from 
Oakland  City.  The  present  rater  quality  of  the  Patoka  River  at  Princeton's 
intake  is  excessively  degraded  by  mine  acid  wastes,  oil  field  brines, 
and  excessive  hardness.  An  indication  of  the  Patoka  River  quality  of 
rater  is  shown  in  Table  2.  The  extent  and  nature  of  the  pollution  problems 
and  the  methods  used  by  local  operators  to  abate  pollution  caused  by  oil 
well  and  coal  field  operations  have  not  been  studied  due  to  time  limitations. 
Until  a determination  can  be  made  as  to  whether  adequate  treatment  or 
other  methods  of  controlling  waste  at  the  source  is  practiced  in  the 
above  described  problem  area  of  the  Patoka  River  Basin,  no  recommendation 
for  storage  for  regulation  of  streamflow  for  purpose  of  quality  control 
for  the  oil  field  and  acid  mine  problems  will  be  provided.  The  full 
extent  of  the  oil  field  and  acid  mine  problems,  present  and  v s.ned 
methods  of  pollution  control,  and  the  need  for  and  vain.,  of  storage 


for  regulation  of  strearaflow  to  receive  residual  wastes  after  adequate 
treatment  from  oil  field  and  coal  mine  operations  will  "be  described  in 
a later  report.  Under  existing  conditions,  it  is  probable  that  a flow 
of  125  to  200  cfs  would  be  required  to  provide  a quality  of  water  suitable 
as  a source  of  raw  water  supply  at  Princeton's  intake  and  for  an  environ- 
ment in  which  aquatic  life  could  be  sustained. 

The  flows  previously  discussed  as  needed  at  and  below  Jasper  would 
also  inmrove  the  present  quality  of  water  in  the  Patoka  River  below 
Jasper,  even  though  the  quality  at  Princeton  might  not  be  of  as  high 
a quality  as  desired.  These  flows  would  also  improve  the  quality  of 
water  in  the  Wabash  River  below  Mt.  Carmel,  Illinois,  and  in  the  Ohio 
River  downstream  from  the  Wabash  River. 

Table  15  gives  a summary  of  the  needs  for  water  supply  and  for 
water  quality  control  in  the  basin.  The  needs  shown  on  Table  15  are 
for  the  summer  season  at  Jasper.  An  indication  of  the  seasonal  variation 
in  these  water  quality  control  needs  is  given  in  Table  16. 

Plan  for  Supplying  Future  Requirements 

Ultimate  Capability  and  Desirability  of  Present  Sources 
Some  communities  within  the  Patoka  River  Basin  are  not  likely  to 
become  direct  users  of  water  from  the  Patoka  River.  Others  vould  be 
expected  to  take  advantage  of  any  increase  in  flow  and  improvement  of 
quality  in  the  Patoka  River.  The  communities  which  should  be  ejected 
to  utilize  the  proposed  Patoka  Reservoir  as  a source  of  supply  ore 
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Table  15 

Summary  of  Meeds 
Patoka  River  Basin 


COMMUNITY 

I960 

1976 

2010 

Draft  on 
Acre 

. Storage 
Feet 

(mgd) 

(mgd) 

(mgd) 

1976 

2010 

Jasper  (Bainbridge  T.) 

2.62 

5.62 

Municipal  Water  Required 

0.91 

Design  Flow  + Storage 

3.00 

3.00 

3-00 

Additional.  Municipal  Needs 

— 

— 

232 

Industrial  '.later  Required 

0 

1.30 

2.80 

Total  Municipal  and  Industrial 

Water  Needs 

0 

1.30 

5-42 

600 

2,800 

Cooling  Water  Required 

0 

15.00 

15.00 

9,400 

9,400 

Total  Municipal,  Industrial  and 

Cooling  Water  Needs 

0 

16.30 

20.42 

10,000 

12,200 

Water  Required  for  Quality  Control 

4.50 

21.10 

43.60 

Design  Flow  (Seven  day  once  in 

0 

0 

0 

ten  years) 

4750 

43.60 

13,400 

Total  Water  Quality  Control  Needs 

21.10 

37,600 

.)(- 

Total  Water  Needed  in  mgd 

4.5 

22.4 

49.0 

14,000 

4o,4oo 

Princeton 

Water  Required  for  Quality  Control 

125 

125 

125 

(in  cfs) 

to 

to 

to 

200 

200 

200 

*This  item  does  not  include  the  15  mgd  Cooling  Water  Requirement  as  such. 
The  15  mgd  is  available  for  and  included  in  Total  Water  Quality  Control 
Needs. 

**See  discussions  on  pages  51* **53. 


...  l . 


43 


Table  1 6 

Seasonal  Variation  In  Water 
Quality  Control  Needs  at  Jasper 
Patoka  River  Basin 


Season 


Seasonal  Need  in  CFS 


1976 

2010 

Winter 

11 

23 

Spring 

19 

39 

Summer 

33 

68 

Fall 

21 

42 

* 


3 

1 


! ! 
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Birdseye,  Jasper,  Huntingburg , Winslow,  Oakland  City,  and  possibly 
Princeton.  The  other  communities  such  as  Ferdinand.  Francisco,  and 
Patoka  are  not  so  likely  to  consider  the  Patoka  a?  a soiree,,  Time 
available  for  this  preliminary  appraisal  does  net  permit  a study  to 
determine  the  most  feasible  source  for  these  communities  and  because 

i 

their  water  consumption  would  not  be  large,  they  would  have  little 
effect  upon  the  economics  of  the  proposed  Patoka  Reservoir, 

Birdseye  is  presently  planning  for  a water  supply.  An  impound- 
ment will  be  required  to  furnish  the  water  for  the  community. 

Jasper's  present  reservoir  has  sufficient  capacity  to  provide  a safe 
yield  of  3.0  mgd.  This  quantity  of  water  is  expected  to  satisfy  Jasper  - 
municipal  requirements  until  about  1980.  However,  sufficient  water  i- 
not  available  to  provide  suitable  water  quality  control  downstream  from 

Jasper.  Due  to  low  flows,  the  quality  of  the  river  water  downstream  fr  m 

/ 

Jasper  is  in  a degraded  condition  during  parts  of  two  or  more  .month0  e-ery 
year. 

, Huntingburg  is  less  certain  of  its  safe  yield  than  Jasper.  Al+hougb 

the  community  did  not  run  cut  of  water  during  the  1953-54  drought,  rno 
supply  did  become  dangerously  short.  At  that  time,  the  capacity  of  tie 
reservoir  was  determined  to  be  477  million  gallons.  Now,  because  of 
siltation,  the  capacity  is  believed  to  be  less.  It  appears  that  Hunf 
ingburg  Yri.ll  be  in  need  of  additional  water  supply  by  1980 

i ft 


'* 
i 
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Winslow  is  assured  of  a water  supply  as  long  as  Jasper  and  Huntingburg 
have  a supply.  Because  of  the  discharge  of  sewage  treatment  plant  effluent 
from  those  cities,  the  quantity  will  be  ample  for  Winslow  but  the  flow 
will  be  mainly  treated  sewage  during  periods  of  low  flow. 

Oakland  City  has  sufficient  water  for  present  needs.  The  Patoka 
River  is  considered  an  emergency  supply  but  if  it  were  needed,  the  quality 
should  be  expected  to  be  similar  to  that  of  Winslow,  and  therefore  require 
extensive  treatment. 

Princeton  depends  upon  wells  for  its  supply.  Three  of  these  wells 
are  of  the  gravel-packed  type  along  the  river. 

Alternate  New  Sources 

The  most  practical  new  source  of  water  supply  for  the  communities 
along  the  Patoka  River  would  be  one  multi-purpose  water  supply  reservoir 
with  capacity  for  municipal  and  industrial  water  supply  needs  and  for 
storage  for  regulation  of  streamflow  for  the  purpose  of  water  quality 
control.  The  most  suitable  location  for  such  a reservoir  would  be  upstream 
from  Jasper.  The  next  most  practical  alternate  solution  would  be  municipal 
and  industrial  water  supply  impoundments  for  each  community  and  one  single 
purpose  reservoir  with  storage  for  regulation  of  streamflow  for  the  purpose 
of  water  quality  control  located  upstream  from  Jasper,  Indiana.  Because 
some  communities  already  have  two  dams,  this  alternative  is  a piecemeal 
approach  and  should  be  considered  only  as  a last  resort. 

Ground  water  has  previously  been  considered  and  it  has  been  determined 
that  ground  water  is  not  available  as  a source  of  large  quantities  of  water, 
especially  in  the  upper  three-fourths  of  the  Patoka  Basin. 


I 
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VII.  BENEFITS  OF  STORAGE 


Introduction 

Due  to  time  limitations,  this  study  consisted  of  a preliminary 
appraisal  of  needs  for  water  supply  and  for  water  quality  control.  It 
has  Been  determined  that  certain  minimum  needs  exist  for  water  supply 
and  for  water  quality  control.  Greater  needs  are  possible.  These 
municipal  water  supply  needs  will  be  met  as  the  demand  develops  in  each 
community.  Probably  no  local  provision  would  be  made  for  storage  for  regu- 
lation of  streamflow  for  the  purpose  of  water  quality  control.  A more 
efficient  method  would  be  to  plan  for  all  the  needs  and  to  supply  them 
with  a single  multi-purpose  project. 

Alternate  Plan 

An  alternate  plan  could  be  used  to  provide  water  for  municipal  and 
industrial  water  supply  in  place  of  the  proposed  multi-purpose  Patoka 
Reservoir.  This  plan  would  cause  the  individual  communities  to  provide 
their  own  separate  water  supplies.  Water  for  quality  control  purposes 
could  be  stored  most  economically  from  a single  purpose  reservoir  upstream 
from  Jasper,  but  it  is  believed  that  such  a structure  would  not  be  built 
by  these  communities. 

The  above  plan  would  require  single  purpose  reservoirs  for  each  of 
several  communities.  Birdseye,  which  is  situated  upstream  from  the  pro- 
posed Patoka  River  dam  site,  would  need  an  impoundment  for  its  proposed 
water  supply. 
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Jasper  will  need  an  additional  single  purpose  storage  reservoir 
approximately  equal  in  size  to  its  present  impoundment  or  about  2800 
acre- feet.  This  added  storage  capacity  will  be  needed  by  about  1980. 

No  provision  is  made  for  cooling  water  for  Jasper* s steam  generator 
plant  as  cooling  towers  would  be  substituted  under  this  alternate  plan. 

Huntingburg  also  would  be  expected  to  enlarge  its  present  storage 
capacity  possibly  before  1976.  An  additional  single  purpose  reservoir 
with  a capacity  of  about  1500  acre-feet  should  provide  a safe  yield  until 
2010. 

Winslow  proposes  to  continue  the  use  of  Patoka  River  water  for  it6 
supply.  This  community  is  situated  on  the  river  so  that  no  pipeline  of 
appreciable  length  is  necessary. 

It  is  anticipated  that  Oakland  City  will  need  additional  water  by 
1976.  Under  this  alternate  plan,  an  additional  impoundment  having  a 
useable  capacity  of  about  600  acre-feet  would  be  needed. 

In  contrast  to  the  alternate  discussed  above,  the  proposed  Patoka 
River  Reservoir  would  provide  a single  reservoir  upstream  from  Jasper. 

This  structure  would  be  of  the  multiple  purpose  type.  It  would  provide 
storage  for  water  quality  control  and  for  municipal  and  industrial  water 
supply  along  with  its  other  functions.  The  proposed  Patoka  Reservoir 
should  be  an  impoundment  of  suitable  size  to  provide  for  Jasper's  municipal 
and  industrial  water  supply  and  for  quality  control  downstream  from  Jasper. 
It  should  at  the  same  time  satisfy  the  needs  of  Huntingburg  and  Oakland  City 
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and  also  should  provide  Winslow  with  raw  water  of  satisfactory  quality. 

It  will  "be  necessary  to  construct  about  3.2  miles  of  pipeline  for  Huntingburg 
anddbout  2.5  miles  of  pipeline  for  Oakland  City  when  those  communities 
need  additional  water,  if  Patoka  River  water  is  used  as  a source  of 
additional  water. 

Construction  of  the  proposed  Patoka  River  Reservoir  with  storage 
sufficient  to  provide  for  downstream  needs  would  avoid  the  cost  of  indi- 
vidual single  purpose  structures.  The  storage  needed  for  municipal  and 
industrial  water  supply  is  that  volume  which  will  be  sufficient  to  provide 
a minimum  flow  at  Jasper  of  16.3  mgd  in  1976  and  20.  i mgd  in  2010.  Owing 
to  the  time  limitation,  sufficiently  accurate  correlations  have  not  been 
developed  to  indicate  the  precise  amount  of  storage  volume  needed  for 
municipal  and  industrial  water  supply  purposes,  but  during  conditions 
comparable  to  those  of  1953-5^>  about  12,200  acre-feet  of  useable  storage 
would  be  required. 

The  proposed  multiple  purpose  Patoka  Reservoir  could  provide  the  total 
storage  needed  downstream  for  municipal  and  industrial  use  and  for  water 
quality  control  more  efficiently  than  would  single  purpose  structures  for 
the  reason  that  cost  per  acre-foot  of  storage  generally  decreases  as 
storage  volume  increases.  The  cost  to  provide  the  needed  water  by  individual 
impoundments  for  each  community  and  by  a single  purpose  structure  upstream 
from  Jasper  for  water  quality  control  may  be  taken  as  the  measure  of  the 
benefit  to  be  realized  from  the  satisfaction  of  these  needs  by  the  proposed 
multiple  purpose  structure. 
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Water  Supply  Benefits 

The  cost  of  a single  purpose  reservoir  for  municipal  and  industrial 
water  supply  for  Jasper  in  terms  of  1963  costs  would  equal  or  exceed  the 
cost  of  Jasper’s  present  reservoir  or  $250,000.  This  v/ould  not  include 
the  benefit  of  cooling  water  which  has  been  estimated  as  having  a value 

of  $35,000  annually  for  15  mgd  or  23  cfs  for  a nonconsumptive  use.  The 

\ 

$250,000  reflects  the  equivalent  first  cost  of  5.4  mgd  or  8.4  cfs  for 
municipal  and  other  industrial  needs.  Adjusted  for  operation  and  main- 
tenance and  amortized  for  a period  of  50  years,  this  cost  represents  an 
annual  value  of  about  $15,000  per  year  from  the  benefits  of  the  proposed 
Pat oka  River  Reservoir. 

A single  purpose  reservoir  to  provide  water  for  municipal  and  indus- 
trial uses  for  Huntingburg  has  been  estimated  to  cost  about  $142,000. 

The  cost  of  a pipeline  to  permit  use  of  Patoka  River  water  has  been  esti- 
mated at  about  $55,000.  Because  of  lack  of  time  to  make  a detailed  study, 
annual  pumping  costs  and  annual  maintenance  costs  of  the  single  purpose 
reservoir  have  not  been  computed,  but  it  is  expected  that  the  net  first 
cost  value  of  $87,000  ($142,000  - $55,000)  in  terms  of  1963  costs  may  be 
a fair  appraisal  of  the  benefits.  With  flows  provided  from  the  proposed 
Patoka  Reservoir  as  shown  in  Table  15,  no  additional  storage  would  be 
required  by  the  community.  Therefore,  adjusted  for  operation  and  main- 
tenance costs  and  amortized  for  a period  of  50  years,  the  value  of  benefits 
to  Huntingburg  would  be  about  $2,800  per  year. 
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It  is  anticipated  that  Oakland  City,  without  the  proposed  Patoka 
Reservoir,  would  need  additional  storage  supply  of  about  600  acre-feet 
by  or  before  1976.  It  has  been  estimated  that  such  a structure  would 
cost  about  $60,000  in  terms  of  1963  construction  costs.  The  cost  of  a 
pipeline  necessary  to  use  Patoka  River  water  has  been  estimated  at  $43,000. 
Thus,  the  net  benefit  from  the  multiple  purpose  structure  will  be  about 
$17,000  in  terms  of  1963  construction  costs.  Adjusted  for  operation 
and  maintenance  costs  and  amortized  for  50  years  beginning  in  1970,  the 
annual  value  of  the  benefits  to  Oakland  City  would  b about  $500. 

The  total  value  of  water  supply  benefits  enumerated  above  is  about 
$35^*000  in  addition  to  $35*000  per  annum  for  23  cfs  for  cooling  water  and 
the  total  annual  benefit  would  be  about  $58,000. 

The  amount  of  the  annual  benefit  of  the  municipal  and  industrial  water 
from  the  proposed  reservoir  has  been  confuted  by  converting  the  net  savings 
in  capital  cost  to  an  annual  basis  by  amortizing  for  25  years  at  4 percent, 
and  converting  to  an  annual  basis  for  a 50  year  period  at  3 percent. 

^ Annual  operation  and  maintenance  costs  of  the  alternate  were  added  to 

this  figure  and  annual  operation  and  maintenance  of  any  necessary  pipe- 
line were  deducted.  The  resulting  benefit  figure  was  then  discounted 
to  the  year  when  the  supply  would  become  necessary.  The  benefits  to 
Jasper  were  discounted  to  1971  for  a period  of  50  years  beginning  in  1970. 
The  benefits  to  Iluntingburg  and  Oakland  City  were  discounted  to  1980 
for  a period  of  50  years  beginning  in  1970. 
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The  above  estimates  are  based  upon  cost  per  acre-foot  of  storage  in 
small  reservoirs  built  in  southern  Indiana  in  recent  years.  If  suitable 
sites  could  not  be  readily  obtained,  costs  are  expected  to  exceed  the 
estimates  given.  A more  detailed  study  would  result  in  a more  reliable 
estimate  of  municipal  and  industrial  w ater  supply  benefits  from  the 
proposed  Patoka  Reservoir. 


Water  Quality  Control  Benefits 


Water  for  quality  control  is  necessary  to  provide  a water  of  a suitable 
quality  for  downstream  needs  even  though  adequate  treatment  of  wastes 
is  being  and  is  expected  to  continue  to  be  provided  so  that  85  percent 
removal  of  5-day,  20°  C BOB  of  wastes  will  be  accomplished.  It  is  con- 
cluded that  the  most  feasible  alternate  method  of  providing  a water  of 
suitable  quality  downstream  would  be  to  develop  a single  purpose  reservoir 
■upstream  from  Jasper  for  the  purpose  of  supplying  water  for  quality  control 
in  the  amounts  shown  in  Table  15,  at  a point  downstream  from  Jasper.  This 
quantity  of  water  would  include  that  discussed  previously  for  steam  generator 
cooling  purposes.  It  would  not  be  in  addition  to  that  requirement. 

The  quantity  needed  for  vater  quality  control  below  Jasper  would 
range  from  a minimum  seven  consecutive  day  average  with  a ten  year  frequency 
of  33  cfs  in  1976  to  68  cfs  in  2010.  The  draft  on  storage  required  to 
yield  this  needed  flow  in  201C  would  be  about  37*600  acre-feet. 


The  value  of  flow  needed  for  water  quality  control  would  he  the 
capital  cost  of  a reservoir  which  would  provide  enough  storage  to  yield 
43.6  mgd  (67  cfs)  in  the  year  2010  at  Jasper.  The  capital  cost  of  such 
a reservoir  is  estimated  to  he  $3 > *1-00 ,000 This  cost  amortized  for  a 
period  of  50  years  and  adjusted  for  operation  and  maintenance  cost  would 
he  about  $160,000  per  year. 

The  flow  indicated  as  needed  for  the  various  years  and  vises  are 
shown  in  Table  15-  If  flows  would  he  provided  as  shown  at  Jasper,  it  is 
expected  that  water  of  an  acceptable  quality  and  adequate  quantity  would 
he  available  in  the  Patoka  River  so  that  it  could  he  used  by  Jasper, 
Huntingburg,  Winslow,  and  Oakland  City  for  municipal  and  industrial  water 
supply  purposes. 

Even  though  the  quantities  of  flow  shown  on  Table  15  would  be  provided 
at  Jasper,  it  is  doubtful  that  the  quality  of  river  water  near  Princeton 
would  be  acceptable  as  a source  of  raw  water  for  Princeton  due  to  inter- 
vening pollution  by  acid  mine  wastes  and  oil  field  wastes.  However  the 
quality  of  water  at  Princeton  and  in  the  lower  reaches  of  the  Patoka  River 
would  be  much  improved  over  its  present  quality  by  the  release  of  such 
flows  from  the  proposed  reservoir.  These  flows  would  also  improve  the 
quality  of  the  Wabash  River  downstream  from  Mt.  Carmel,  Illinois.  Sufficient 
data  are  not  available  to  estimate  the  probable  quality  of  rater  at  Princeton 
with  the  quantities  of  quality  control  water  shown  in  Table  15-  Data  from 
Indiana's  water  quality  monitoring  network  shown  in  Table  2 indicate  that 
a flow  of  125  to  200  cfs  at  Princeton  might  be  needed  in  the  river  to 
provide  an  acceptable  raw  water  supply  for  Princeton. 
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IIo  estimate  of  the  value  of  the  storage  needed  to  provide  125  to 
200  cfs  at  Princeton  has  been  determined.  It  is  believed  that  much  more 
information  should  be  obtained  concerning  sources  of  pollution  by  mine 
acids  and  oil  field  wastes  before  any  firm  answer  involving  quantity, 
quality,  or  value  of  water  is  given  concerning  the  Patoka  River  near 
Princeton. 

In  order  to  assure  a satisfactory  quality  of  water  released  from 
the  proposed  Patoka  River  Reservoir,  consideration  should  be  given  to 
multiple  level  outlets,  one  near  the  upper  level,  one  at  mid-depth,  and 
another  at  the  lower  depths. 
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FEDERAL  PC&TER-CQMLSSlGN 

REGIONAL  OFFICE 
610  South  Canal  Street 
Chicago,  Illinois  60607 

October  21,  1963 

Colonel  Uilliam  Roper 
District  Engineer 

U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Reference:  ORLED-B 

Dear  Colonel  Roper: 

Herewith  is  our  second  bi-monthly  report  pertaining  to  the 
Coordinated  Comprehensive  Uabash  River  Basin  Study, 

In  a preliminary  study  of  the  Lincoln  site  at  mile  103  on 
the  Embarrass  River  we  assumed  that  167,900  acre-feet  of  storage 
between  elevations  588  and  610  could  be  used  in  the  interest  of 
power.  Tailwater  was  assumed  to  be  at  elevation  543.  During 
ue  20-month  critical  stream  flow  period,  July  1953  to 
February  1955  inclusive,  this  storage  would  provide  a minimum 
regulated  flow  of  175  cfs  and  a continuous  power  output  of 
about  675  kilowatts.  An  installation  of  6,750  kilowatts  6 con- 
sidered dependable  at  10%  plant  factor)  would  permit  an  average 
annual  energy  output  of  about  21  million  kilowatt-hours. 

Our  economic  studies  of  this  project  were  based  on  the  cost 
of  power  facilities  consisting  of  the  powerplant,  power  tunnel 
and  intake  and  excluded  any  portion  of  dam  and  reservoir  costs, 
The  power  facilities  were  assumed  to  be  constructed  by  the 
Federal  Government  at  an  estimated  cost  of  about  $2,900,000. 

Based  on  a 50-year  life  and  an  interest  rate  of  3%,  the  estimated 
annual  cost  of  the  specific  power  facilities  including  operation 
and  maintenance  would  be  about  $204,000.  Uith  power  values 
of  $22.50  for  capacity  and  1.8  mills  for  energy,  based  on  a 
privately-financed  alternative  steam-clectric  source  of  power, 
the  annual  benefits  would  be  $191,200.  The  benefit-cost  ratio 
would  be  about  0.93  to  1.0. 

Therefore,  we  conclude,  on  the  bases  of  the  assumptions 
adopted,  that  hydroelectric  power  at  the  Lincoln  Reservoir  site 
is  economically  infeasible  at  this  time.  Cur  reports  on  Cliffy 
Creek,  Big  Calnut  Creek  and  Richland  Creek  will  follow  as  re- 
quested. 
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In  reviewing  what  we  have  reported  tc  you  in  these  first  two 
letters,  it  appears  to  me  that  our  two  offices  cannot  yet  adopt 
the  position  that  power  at  Ellsworth  and  Lincoln  is  definitely  out 
of  the  picture.  In  the  first  place,  we  are  not  fully  satisfied 
with  the  power  values  we  have  employed,  and  are  currently  review- 
ing this  subject.  Secondly,  a lower  plant  factor  than  the  10% 
we  have  assumed  night  well  be  considered.  A lower  plant  factor 
would  increase  the  B/C  ratios.  Then,  although  as  stated  we  have 
not  considered  reservoir  costs,  we  don’t  know  to  what  extent 
joint  use  of  storage  might  be  possible.  Nor  are  we  certain  as  to 
the  type  of  dam  that  might  ~'z  built.  T.’e  have  assumed  earth  dans 
which  give  us  higher  costs  for  power  than  concrete  dams.  On  the 
other  hand,  low  plant  factor  operation  would  probably  require 
reregulating  dams  to  be  built  to  reduce  surges  in  the  downstream 
channels  and  thus  would  result  in  higher  costs.  Your  views  and 
those  of  your  Hr.  John  F.  3ruce  and  others  of  your  staff  on  these 
matters  would  be  appreciated.  Accordingly,  we  would  like  your 
reaction  to  selecting  a mutually  acceptable  date  for  a conference 
either  in  Chicago  or  Louisville  before  the  eno  of  the  year  — 
say  after  we  have  completed  our  first  trial  rur.s  on  each  of  the 
five  projects  and  furnished  you  letters  covering  this  phase  of 
our  work. 

Sincerely  yours, 


/s/  Kenneth  G.  Tower 

Kenneth  G.  Tower 
Regional  Engineer 
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FEDERAL  POWER  COMMISSION 


REGIONAL  OFFICE 
610  South  Canal  Street 
Chicago,  Illinois  60607 


October  2,  1963 

Colonel  William  Roper 
District  Engineer 

U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Reference:  ORLED-B 

Dear  Colonel  Roper: 

Thank  you  for  your  letter  of  August  28,  1963  concerning  the 
work  on  the  Comprehensive  Survey  of  the  Wabash  River  Basin  and 
requesting  our  views  on  the  power  potential  of  five  reservoirs  on 
the  Patoka  River,  Bnbarrass  River,  Clifty  Creek,  Richland  Creek 
and  Big  Walnut  Creek  to  be  incorporated  in  the  second  Interim 
Report  on  the  Wabash  River  Comprehensive  Survey  scheduled  for 
January  1964. 

In  a preliminary  study  of  the  Ellsworth  Reservoir  site  at 
mile  11S.3  on  the  Patoka  River  we  have  assumed  140,200  acre-feet 
of  storage  capacity  in  the  top  of  the  seasonal  pool  to  be  used  in 
the  best  interest  of  power.  The  storage  pool  in  this  instance 
would  be  between  elevation  536  and  515.  We  have  assumed  tailwater 
for  our  purposes  to  be  at  elevation  472.  This  storage  will  pro- 
vide during  the  20-month  critical  stream  flow  period,  June  1953 
to  January  1955,  a minimum  regulated  flow  of  146  cfs  and  a 
continuous  power  output  of  about  550  kilowatts.  An  installation 
of  5,500  kilowatts,  all  of  which  is  considered  dependable,  at 
10  percent  plant  factor  operation  during  the  critical  period, 
would  provide  an  estimated  average  annual  energy  output  totalling 
about  8 million  kilowatt-hours. 

In  our  economic  studies  of  this  project  we  have  assumed  the 
specific  power  facilities,  excluding  any  portion  of  dam  and 
reservoir  cost,  to  be  constructed  by  the  Federal  Government  at  an 
estimated  cost  of  about  $2,200,000.  This  would  include  power- 
house and  equipment  and  tunnel  intake  only.  The  annual  cost  on 
these  specific  power  facilities  with  interest  charges  of  3 percent 
and  amortization  based  on  a 50-year  life  would  be  about  $167,000. 
The  annual  benefits  with  power  values  estimated  at  $21.00  for 
capacity  and  2.5  mills  for  energy  based  on  a privately-financed 
alternative  steam-electric  source  of  power  would  be  about  $135,000. 
Tic  benefit-cost  ratio  would  be  0.8  to  1.0. 
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From  those  preliminary  results,  we  conclude  that  the 
development  of  hydroelectric  power  at  this  site  is  economically 
infeasible  at  this  tire;  however,  should  the  development  of  this 
small  amount  j£  power  be  desirable  in  the  future  we  are  of  the 
opinion  that  the  driving  of  a tunnel  through  one  of  the  abutments 
is  feasible  and  would  not  require  any  provisions  in  the  initial 
construction  of  the  proposed  reservoir  project. 

T’e  have  examined  the  topography  adjacent  to  the  reservoir 
for  .umped  storage  potential  and  are  of  the  opinion  that  the 
200  to  300  feet  of  head  available  warrants  sore  consider ation  of 
a pumped  storage  project. 

Our  next  letter  pertaining  to  the  five  reservoirs  3’ou  have 
under  consideration  at  the  present  time  will  present  our  views 
on  the  potential  of  the  Lincoln  Reservoir  on  the  Embarrass  River 
and  will  be  mailed  to  you  about  October  15. 

It  will  be  appreciated  if  you  will  furnish  this  Office 
tailwater  rating  curves  for  the  remaining  four  projects. 

Sincerely  yours, 


/s/  Kenneth  G.  Tower 

Kenneth  G.  Tower 
Regional  Engineer 


FF DURAL  PO^'ER  COMMISSION 


REGIONAL  OFFICE 
6 It  South  Canal  Street 
Chicago,  Illinois  6C6G7 

Hovei  .er  13,  1(63 

Colonel  P'illiam  Roner 
District  Eng ineer 

IJ. '-S^Army  engineer  District,  Louisville 
Corps  of  Engineers 
?.  0.  Do:;  51 
Louisville  1,  F.entuc.  y 

Dear  Colonel  Roper: 

This  is  our  third  letter  addressed  to  you  _ertaininw  to 
the  Coordinated  Comprehensive  T’abash  River  Basin  Study,  he  have 
studied  the  power  potential  of  Clifty  Cree.,  Reservoir  on  Clifty 
Creel:  at  Hartsville,  Indiana  using  the  data  originally  furnished 
with  3'our  letter  of  August  28  and  the  alternative  data  received 
in  your  October  22  letter. 

Using  the  original  data,  we  based  our  study  on  the  assur , - 
tion  that  the  total  storage  was  to  be  used  solely  for  rover. 

Thus  12,7 SO  acre-feet  of  storage  between  elevation s 7 10  and  73C 
mere  assumed  used  in  the  interest  of  rover . Tailtrater  was 
assumed  to  be  at  elevation  670.  During  the  18-month  critical 
strea:  flov  erioo,  Jul.  1253  to  December  1154,  inclusive, 

this  storage  mould  g rovide  a minimum  regulated  flov  of  21  cfs 
and  a continuous  power  output  of  102  : ilowatts.  An  installation 
of  1,020  ilovatts  (considered  dependable  at  10  percent  g lant 
factor)  would  _ rovide  an  average  annual  energy  output  of  about 
4 million  . i:  o>  Tatt-hours  . 

Our  economic  studies  of  this  project  T,ere  aased  on  the 
costs  of  specific  power  facilities  onlj',  and  excluded  any 
iOrtion  of  dam.  and  reservoir  costs.  The  power  facilities 
were  estimated  to  cost  about  $710,000.  Annual  costs  of  these 
facilities  would  be  about  $60,000  when  based  on  a 50-year  life 
and  interest  charges  of  3 percent.  ,/ith  ,o'-er  values  of  $21.50 
per  i:w-yr.  for  ca.:  acity  and  1.0  mills  for  energy,  based  on  a 
privately-financed  alternative  steam-electric  source  of  power, 
the  annual  benefits  would  be  about  $21,000.  The  benefit-cost  ratio 
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Using  the  October  22  data,  we  assumed  that  1C, 060  acre-feet 
of  storage  between  elevations  7C5  and  720  would  be  used  for  power. 
During  the  18-month  critical  stream  flow  period,  a minimum  regu- 
lated flow  of  22  cfs  and  a continuous  power  output  of  60  kilowatts 
would  be  p rovided  by  this  storage.  An  installation  of  50C  kilo- 
watts, all  of  which  is  considered  dependable  (at  10  percent  plant 
factor)  would  p rovide  an  estimated  average  annual  energy  output  of 
about  3 million  kilowatt-hours. 

In  our  economic  studies  the  specific  power  facilities  are 
estimated  to  cost  about  $733,000.  These  facilities  would  be  con- 
structed by  the  Federal  Government  and  would  include  powerhouse 
and  equipment  and  tunnel  intake  only.  The  estimated  annual  cost 
with  interest  charges  of  3 percent  and  amortization  based  on  a 
50-year  life  would  be  about  $53,000.  The  annual  benefits  with 
power  values  the  same  as  above  would  be  about  $18,000.  The 
benefit-cost  ratio  would  be  about  0.33  to  1.0. 

Based  on  the  results  of  these  preliminary  studies  of  the 
Cliftv  Creek  Reservoir  site,  it  is  concluded  that  the  development 
of  the  small  power  potential  at  this  site  is  economically  infeasible 
now  and  in  the  foreseeable  future. 

kith  regard  to  the  Richland  and  Big  kalnut  Cree  Reservoirs 
our  comments  vrill  not  be  furnished  until  such  time  as  you  indicate 
their  need. 


Sincerely  yours, 


/s/  Eenneth  G.  Tower 

.Penneth  G.  Tower 
Regional  Engineer 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE 
611  N.  Park  Ave. , Rm.  506 
Indianapolis  4,  Indiana 


Refer  to  File  No.  ORLED-B 


December  13,  1963 


Colonel  W.  Roper,  District  Engineer 
U.  S.  Army  Engineer  District,  Louisville 
Corps  of  Engineers 
P.  0.  Box  59 
Louisville  1,  Kentucky 

Dear  Colonel  Roper: 

Reference  is  made  to  your  letter  of  14  November  1963,  in  which  you 
acknowledged  recommendations  made  by  the  U.  S.  Forest  Service 
relative  to  a reservoir  project  on  Patoka  River  on  which  you  are 
preparing  information  for  the  current  interim  re. ort. 

While  we  would  agree  with  your  opinion  that  the  proposals  presented 
by  the  Forest  Service  impact  report  should  be  given  detailed  con- 
sideration at  the  time  of  detailed  design  stages,  if  and  when  the 
project  is  authorized,  there  is  a relationship  to  land  use  and 
management  in  the  views  presented  in  Mr.  Barry’s  letter.  It  is 
understood  that  the  management  of  such  lands  is  a policy  matter 
which  has  not  been  fully  resolved  by  higher  authority  in  our  re- 
spective Departments.  However,  in  this  case,  since  this  is  a 
matter  of  vital  concern  to  our  coordination  of  efforts  in  plans 
for  this  project,  the  interim  report  should  recognize  this  need 
for  facilitating  management. 

We  are  not  presenting  additional  information  for  inclusion  in  the 
current  interim  report,  but  will  provide  further  recommendations 
on  use  and  management  of  these  lands  if  the  project  is  authorized 
for  development. 


Very  truly  yours, 


/s/  C.  E.  Swain 

C.  E.  Swain 

State  Conservationist 

cc:  Paul  St.  Amant , Assistant  Regional  Forester,  FS , Milwaukee,  Wise. 

Howard  C.  Cook,  Forest  Supervisor,  FS , Redford,  Indiana 
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ORLED-B 


14  November  1963 


Mr.  Joseph  J.  Barry 
Acting  Forest  Supervisor 
Forest  Service 

U.  S.  Department  of  Agriculture 
Wayne-Hoosier  National  Forests 
Bedford,  Indiana 

Dear  Mr.  Barry: 

Reference  is  made  to  your  letter  2550,  dated  29  October 
1963,  indicating  the  responsibilities  of  the  Forest  Service 
for  forest  land  management  as  assigned  by  Senate  Document 
#97  and  the  Multiple  Use-Sustained  Yield  Act  of  1960.  The 
aims  and  objectives  of  the  Forest  Service  as  briefly  out- 
lined from  your  impact  report  on  Patoi  a Reservoir  are  the 
same  aims  and  objectives  of  the  Corps  of  Engineers  in  our 
current  '.’abash  River  Basin  Comprehensive  Study. 

The  Pato  a Reservoir  project  v;ill  be  included  in  an 
interim  report  scheduled  for  completion  by  the  Louisville 
District  in  January  1964.  The  interim,  report  will  be  pre- 
pared in  sufficient  scope  to  permit  Congressional  authori- 
zation of  the  recommended  projects.  This  report  will  indi- 
cate the  lands  required  for  all  project  purposes,  including 
lands  for  recreation  and  lands  considered  necessary  to 
replace  game  propagating  areas  which  may  be  inundated  by 
the  project.  The  specific  location  of  these  lands  will  not 
be  designated  in  the  interim  report;  however , the  criteria 
for  their  siting  will  be  set  forth,  generally  in  conformance 
with  recommendations  of  the  U.  S.  Fish  and  ’.’ildlife  Service. 

The  specific  location  of  public  use  lands  and  manage- 
ment thereof  can  best  be  determined  in  detailed  design 
stages,  if  and  when  the  project  is  authorized.  The  manage- 
ment of  these  lands,  as  proposed  in  your  referenced  letter, 
is  a policy  matter  that  may  require  coordination  at  higher 
Department  of  Agriculture  and  Corps  of  Engineers  levels. 

In  these  regards  Mr.  Swain,  the  designated  Department  of 
Agriculture  coordinator  for  the  Vabash  Comprehensive  Study, 
is  being  ashed  to  present  such  Department  of  Agriculture 
opinions  as  he  considers  appropriate  for  inclusion  in  our 
interim  report. 
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ORLED-B  14  November  1963 

Mr.  Joseph  J.  Barry 

A copy  of  the  letter  sent  to  Mr.  Swain  is  inclosed  for 
your  information. 

Very  truly  yours, 


l Incl  W.  ROPER 

Ltr  to  Mr.  Swain  Colonel,  Corps  of  Engineers 

District  Engineer 

Copy  furnished 
Mr.  C.  E.  Swain 
State  Conservationist 
Soil  Conservation  Service 
U.  S.  Department  of  Agriculture 
611  North  Park  Avenue 
Indianapolis  4,  Indiana 
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14  November  1963 


Mr.  C.  E.  Swain 
State  Conservationist 
Soil  Conservation  Service 
U.  S.  Department  of  Agriculture 
611  North  Park  Avenue,  Room  506 
Indianapolis  4,  Indiana 

Dear  Mr.  Swain: 

Reference  is  made  to  the  inclosed  copies  of  (1)  lettei 
2550  from  Mr.  Joseph  J.  Barry  of  the  U.  S.  Forest  Service  and 
(2)  our  reply  to  Mr.  Barry.  Both  relate  to  a reservoir  project  on 
Patoka  River  which  is  under  consideration  by  our  agencies. 

The  subject  matter  of  these  letters  relates  primarily  to 
land  use  and  management  rather  than  plans  for,  or  economics  of, 
project  development.  It  is  our  opinion  that  the  proposals,  to 
be  presented  in  the  Forest  Service's  impact  report,  should  be 
deferred  for  detailed  consideration  in  detailed  design  stages, 
if  and  when  the  project  is  authorized.  If  you  desire  to  include 
any  land  use  or  management  views  of  the  Department  of  Agriculture 
in  the  current  interim  report,  please  forward  them  as  soon  as 
possible.  Our  schedule  calls  for  submission  of  this  report  in 
final  form  by  this  office  on  2 January  1964. 

Very  truly  yours, 


2 Incl 

1 . Ltr  2550  of 
Mr.  Barry, 

U.S. Forest  Service 

2.  Ltr  ORLED-B,  14  Nov 
1963  (our  reply  to 
to  Mr.  Barry) 


W.  ROPER 

Colonel , Corps  of  Engineers 
District  Engineer 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
FOREST  SERVICE 

Layne-Hoosier  National  Forests 

BEDFORD,  INDIANA  In  Reply  Refer  To 

October  29,  1563  2550 


Colonel  Uillard  Roper 
Corps  of  Engineers 
830  Uest  Broadway 
Louisville  3,  Kentucky 

Dear  Colonel  Roper: 

As  you  know,  the  proposed  Patoka  (Ellsworth)  Reservoir  in  South- 
Central  Indiana  will  lie  within  the  Administrative  boundaries  of 
the  Hoosier  National  Forest.  Senate  Document  #97  and  the  Multi- 
ple Use-Sustained  Yield  Act  of  1560  assign  the  U.  S.  Forest 
Service  responsibility  for  (1)  assuring  adequate  evaluation  of 
all  anticipated  impacts  this  project  will  have  on  national  forest 
development  and  administrative  programs  and  (2)  for  assuring  both 
recognition  and  incorporation  into  the  comprehensive  development 
plan  a full  analysis  of  the  potential  for  development  of  related 
land  resources,  both  public  and  private. 

In  fulfillment  of  this  responsibility,  the  Hoosier  National  Forest 
is  preparing  a report  on  impacts  the  Patoka  project  will  have  on 
national  forest  and  private  development  activities  in  this  area. 
This  letter  will  cover  the  essentials  of  our  report;  a more 
detailed  report  will  follow  later. 

Our  information  is  that  the  primary  dam  will  be  located  in 
Section  14,  T 1 S,  R 3 T7,  2nd  PM.  A secondary  dam  or  dike  will 
be  located  in  the  adjacent  Section  15.  Maximum  drawdown  will  be 
to  elevation  506  M.S.L.  with  a minimum  pool  of  about  2,050  acres. 
The  normal  summer  pool  will  be  at  elevation  536  with  an  area  of 
about  8,800  acres.  The  maximum  flood  pool  will  cover  11,850  acres 
at  elevation  550.  The  dam  crest  will  be  at  elevation  567.  The- 

primary  purpose  of  the  project  is  flood  control  but  recreation 
and  low  flow  augmentation  features  will  be  included. 

T,e  recommend  that  the  entire  flowage  be  taken  in  fee  rather  than 
by  easement.  Public  control  of  the  entire  shoreline  will  help 
assure  that  irresponsible  individuals  do  not  endanger  t roject 
works  and  benefits  with  improper  sewage  disposal,  inadequately 
moored  boats,  docks,  and  rafts,  and  other  unsightly  and  hazard- 
ous developments. 
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Development  and  administration  of  these  project-related  public  lands 
will  be  most  effectively  and  economically  accomplished  by  placing 
these  lands  under  the  jurisdiction  of  a single  public  land  manage- 
ment agency.  Because  the  Forest  Service  already  has  an  effective 
administrative  structure  established  in  the  area,  and  because 
they  presently  administer  lands  which  will  adjoin  project  lands, 
we.  recommend  that  all  lands  not  needed  for  flood  control  purposes 
be  incorporated  into  the  lloosier  National  Forest  System.  Transfer 
of  these  lands  can  be  accomplished  under  provisions  of  the  Act  of 
July  26,  1956  (70  STAT.  656;  16  U.  S.  C.  505a,  505b)  which  states 
that  "The  Secretary  of  Agriculture  with  respect  to  National  Forest 
Lands  and  the  Secretary  of  a Military  Department  with  respect  to 
lands  under  control  of  that  Department  which  lie  within  or  ad- 
jacent to  the  exterior  boundaries  of  a National  Forest  are  author- 
ized ...  to  interchange  such  lands  . . . without  reimbursement 
or  transfer  of  funds  whenever  they  shall  determine  that  such  inter- 
change will  facilitate  land  management  and  will  provide  maximum 
use  thereof  for  authorized  purposes  ...”  Inclusion  of  these 
lands  in  the  present  National  Forest  System  will  provide  for 
optimum  development  of  project-related  soil,  water,  timber,  fish 
and  wildlife,  and  recreation  resources  which  will  accrue  additional 
benefits  to  the  project. 

The  Forest  Service  and  Corps  of  Engineers  will  need  to  consult 
with  each  other  regarding  overall  plans  for  developing  and 
administering  public  recreation  use  and  facilities. 

Wildlife  habitat  mitigating  measures  will  have  to  be  provided  to 
the  extent  that  sufficient  land  suitable  for  habitat  will  be  ac- 
quired as  a part  of  the  project  to  replace  land  lost  by  flooding. 

The  State  Division  of  Fish  and  Game  and  the  U.  S.  Fish  and  Mild- 
life  Service  in  cooperation  with  the  Forest  Service  and  Corps  of 
Engineers  should  select  specific  areas  around  the  reservoir  for 
replacement  of  project-inundated  habitat.  Management  of  these 
lands  should  be  the  responsibility  of  the  Forest  Service  under 
provisions  of  the  Fish  and  Wildlife  Coordination  Act  PL  85-624. 

Facilities  and  services  inundated  oi  impaired  by  the  project 
should  be  relocated  and  restored  at  project  cost  so  that  a level 
of  service  equivalent  to  that  existing  prior  to  construction  will 
be  maintained.  Any  increased  costs  of  wildfire  protection  and 
road  maintenance  created  by  the  project  should  be  borne  by  the 
construction  agency.  Details  should  be  worked  out  with  the  res- 
ponsible Federal,  State,  and  local  agencies. 

These  arc  the  principal  recommendations  we  have  to  make  on  the 
basis  of  our  impact  survey.  We  will  forward  a more  detailed 
report  when  it  is  prepared. 
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/s/  Joseph  J.  Barry 
By;  Joseph  J.  Barry,  Acting 
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CITY  OF  CHARLESTON 
Coles  County 
Charleston,  Illinois 

March  4,  1964 


Mr.  John  F.  Bruce 

Ass't  Chief,  Engineering  Division, 

Basin  Planning 

U.  S.  Army  Engineer  District,  Louisville 
830  West  Broadway 
Louisville,  Kentucky  40201 

Dear  Sir: 

It  is  understood  by  the  city  officials  of  Charleston,  Illinois 
that,  if  Lincoln  Reservoir  is  constructed  as  a Federal  project, 
it  will  inundate  the  Charleston  water  supply  reservoir  and  raw 
water  intakes.  It  is  further  understood  that  the  Federal 
government  will  replace  at  Federal  expense  facilities  equal  in 
capacity  to  those  inundated.  The  facilities  to  be  inundated 
are  sufficient  for  some  time  to  come,  but  in  looking  to  the 
future  it  is  apparent  that  it  would  be  in  the  interest  of 
Charleston  to  reserve  additional  storage  facilities  in  Lincoln 
Reservoir. 

It  is  the  intent  of  the  present  City  Government  that  additional 
acre  feet  of  storage  capacity  v/ill  be  purchased  by  the  city. 

Yours  very  truly, 


/s/  William  Woods 

William  Woods,  Mayor 
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INDIANA  FLOOD  CONTROL  AND  WATER  RESOURCES  COK'MSSICN 
606  Indiana  State  Office  Building 
100  North  Senate  Avenue 
Indianapolis  4,  Indiana 

Telephone:  MElrose  3-5267 

December  24,  1963 


Colonel  W.  Roper 
District  Engineer 
Louisville  District  Office 
Corps  of  Engineers,  U.S.  Army 
830  West  Broadway 
Louisville  3,  Kentucky 

Dear  Colonel  Roper: 

Thr-  State  of  Indiana  is  deeply  concerned  about  the  development  of  its 
water  resources  not  only  to  take  care  of  present  needs  but  to  make 
sure  that  the  needs  of  the  future  can  be  adequately  met  through 
prudent  development  of  current  reservoir  projects  and  proper  manage- 
ment of  water  through  the  years  to  come.  Past  experience  has  indicated 
clearly  that  the  one  factor  that  has  had  the  most  effect  in  deterring 
the  economic  growth  and  prosperity  of  the  southern  part  of  Indiana 
has  been  the  uncertainty  of  water  supplies.  Many  communities  have 
been  unable  to  support  any  additional  growth  for  past  decades  because 
sufficient  water  supplies  have  not  been  developed  to  meet  present 
day  needs  and  the  communities  affected  have  not  been  financially  able 
to  bring  about  such  development. 

In  commenting  on  this  problem  at  the  recent  Third  Annual  Governor's 
Conference  on  Water,  Governor  Welsh  stated,  "Probably  in  no  other  area 
is  long-range  planning  more  practical  and  more  necessary  than  in 
assuring  for  future  years  adequate  water  supply  and  the  most  efficient 
and  socially  desirable  uses  of  these  resources.  But  even  more  im- 

portant, we  cannot  expect  the  future  to  take  care  of  itself.  We 
today  must  have  the  prudence  and  the  foresight  to  recognize  the 
problems  that  would  be  created  by  our  failure  to  plan  now  for 
tomorrow's  needs.  Just  as  we  today  are  paying  the  price  in  property 
damage  and  lost  opportunities  because  there  was  neither  sufficient 
understanding  nor  action  to  guard  against  rampaging  waters  and  in- 
adequate or  badly  distributed  water  supplies  in  past  decades.  Be- 
cause this  v.as  the  nature  of  the  past,  is  not  enough  justification 
to  make  it  our  policy  for  the  future." 
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At  the  same  Conference  on  Water  it  was  abundantly  clear  that  there 
is  general  public  acceptance  of  the  fact  that  reservoir  sites  must 
be  developed  to  their  maximum  potential  for  all  uses  of  water  if 
the  future  welfare  of  the  state  is  to  be  protected. 

The  Patoka  River  basin  is  a good  example  of  the  value  of  developing 
an  adequate  supply  of  water.  All  counties  in  the  basin  have  been 
losing  population  except  Dubois  County,  and  the  gain  in  that  county 
has  been  due  principally  to  the  growth  of  the  City  of  Jasper.  In 
the  period  1940  to  1950,  Jasper  increased  in  population  by  174  persons. 
Jasper  had  been  plagued  for  years  by  water  shortages  and  during  the 
1953-1954  drought  was  threatened  with  the  loss  of  some  of  its  key 
industries  because  of  an  inadequate  water  supply  for  industrial  needs. 
Jasper  then  built  a water  supply  reservoir  to  satisfy  its  require- 
ments for  a few  years  in  the  future.  Between  1950  and  1960  the 
population  of  Jasper  increased  by  1,522  persons  or  nearly  30  per  cent 
which  is  considerably  greater  than  the  average  18.5  per  cent  for  the 
state  as  a whole.  Water  enabled  old  industries  to  expand  and  new 
businesses  to  be  established  in  Jasper  and  thereby  increased  job 
opportunities. 

It  is  the  State's  position  that  a better  v?ater  supply  can  boom  the 
economy  of  the  whole  Patoka  River  basin. 

The  Ellsworth  Reservoir  can  provide  the  opportunity  to  diminish  flood 
damage  and  increase  water  supplies  along  the  whole  length  of  the 
Patoka  River.  Therefore,  the  reservoir  should  be  developed  to  the 
maximum  potential  of  the  site  in  order  that  it  may  contribute  to  the 
needs  of  the  future  to  a maximum  degree. 

The  survey  report  on  Ellsworth  Reservoir,  that  the  U.  S.  Army  Engineers 
District,  Louisville,  is  about  to  complete,  should  indicate  that  the 
State  of  Indiana  is  anxious  to  have  the  water  supply  storage  in  the 
reservoir  developed  to  its  maximum  practical  limit.  There  is  a 
statutory  indication  of  the  legislative  intent  that  this  should  be 
done  with  respect  to  Ellsworth  Reservoir  in  particular  and  with  other 
reservoirs  in  general. 

Chapter  37,  Indiana  Acts  of  1963  (Special  Session),  dedicates  a 
portion  of  the  State  cigarette  tax  to  the  development  of  multiple- 
purpose  reservoirs  by  the  Indiana  Flood  Control  and  Water  Resources 
Commission  and  specifically  directs  the  Commission  to  consider  the 
construction  of  a reservoir  on  the  Patoka  River. 

Chapter  342,  Indiana  Acts  of  1963,  authorizes  the  Indiana  Flood 
Control  and  Water  Resources  Commission  to  sell  water  from  water  supply 
storage  in  reservoir  impoundments  or  portions  thereof  that  have  been 
or  may  be  financed  by  the  State  of  Indiana.  The  Act  also  creates  a 
"Water  Resources  Development  Fund"  into  which  the  proceeds  from  the 
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sale  of  water  shall  be  deposited  and  which  shall  be  used  as  a 
revolving  fund  for  the  development  of  new  reservoirs. 

The  Commission  in  operating  under  the  provisions  of  these  acts  desires 
to  acquire  the  rights  to  the  water  supply  storage  in  Ellsworth 
Reservoir  and,  if  the  reservoir  is  authorized  as  a federal  project, 
will  have  a bill  presented  in  the  State  Legislature  at  the  proper 
time  for  an  appropriation  to  pay  for  such  storage  in  compliance  with 
the  requirements  of  the  Federal  Water  Supply  Act  of  1958. 

In  recognizing  the  need  for  coordination  of  storage  requirements  for 
water  supply  and  water  quality  control,  the  Commission  at  its  meeting 
on  December  20,  1963  appointed  a special  committee  to  study  this 
problem  and  recommend  policy.  As  this  study  may  take  some  time,  it 
is  desired  that  the  question  of  exact  division  of  allocated  storage 
between  water  supply  and  water  quality  control  be  left  for  later 
decision  and  that  initially  the  conservation  storage  in  Ellsworth 
Reservoir  be  allocated  to  water  supply  purposes  but  subject  to  such 
modification  as  may  be  desired  after  more  detailed  study. 

It  is  extremely  important  that  the  State's  interest  in  developing 
the  maximum  potential  of  the  site  and  its  right  to  the  maximum 
feasible  water  supply  storage  be  protected. 

Very  truly  yours. 


/s/  J.  I.  Perrey 
J.  I.  Perrey  . 

Chief  Engineer 


JlP:gm 


(Ed.  Mote:  Ellsworth  is  another  name  for  Patoka  Reservoir.) 
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